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“O conhecimento é uma ferramenta, e como todas as ferramentas, o seu impacto está nas 
mãos de quem o usa.” 
 
- Dan Brown 
RESUMO 
 
Os gliomas malignos são tumores cerebrais devastadores, originários de células gliais, 
principalmente de astrócitos. A via RhoA/ROCK regula o citoesqueleto, a morfologia e 
motilidade celular. Mutações nessa via estão relacionadas com a migração e invasão dos 
gliomas. A bomba de Na+/K+-ATPase também tem papel na migração e invasividade dessas 
células. Os venenos animais são uma mistura de moléculas biologicamente ativas com alvos 
específicos nas células e tecidos. Em cultura primária de astrócitos, o veneno da aranha 
Phoneutria nigriventer (PnV) (Ctenidae, Araneomorphae) alterou o citoesqueleto de actina 
(fibras de estresse) e modificou a morfologia celular. Apesar dessas alterações relevantes no 
citoesqueleto e morfologia, ainda não havia sido investigado se o PnV e seus componentes 
teriam efeitos sobre a migração celular, invasão e metástase em gliomas. O presente trabalho 
investigou o papel antitumoral do PnV, in vitro, em linhagens celulares de glioma humano 
(NG97ht e U-251) descrevendo os efeitos do veneno e de suas toxinas purificadas no 
citoesqueleto, migração e morfologia das células tumorais. A fim de contribuir para elucidar o 
mecanismo de ação do PnV, a via RhoA/ROCK e a Na+/K+-ATPase β2 (AMOG - adhesion 
molecule on glia) também foram avaliadas. A primeira triagem in vitro dos efeitos antitumorais 
do PnV bruto demostrou que o veneno é uma mistura de componentes que são seletivos para 
alvos envolvidos nos mecanismos migratórios das células de glioblastoma. Uma vez que o PnV 
induziu uma resposta em células neoplásicas, o próximo passo foi identificar as frações e 
subfrações responsáveis pelos efeitos do veneno. Três frações e doze subfrações - SBs (obtidas 
da fração mais ativa nos parâmetros examinados) foram testadas e as SBs 1 e 11 foram as mais 
efetivas, diminuindo a migração e a invasão de células de glioblastoma, sendo provavelmente 
consequência da alteração da morfologia e adesão dessas células. Ademais, SB1 e SB11 
aumentaram a expressão da proteína ROCK e da AMOG nas células tumorais, sugerindo que 
esses mecanismos regulatórios estão envolvidos na ação das toxinas sobre a migração. A 
inibição da ROCK aboliu os efeitos das toxinas, confirmando que essa via medeia a ação desses 









Malignant gliomas are devastating brain tumors originating from glial cells, especially 
astrocytes. The RhoA/ROCK pathway regulates cytoskeleton, cell morphology and motility. 
Mutations in this pathway are related to glioma migration and invasion. The Na+/ K+-ATPase 
pump also plays a role in the migration and invasiveness of these cells. Venoms from animals 
are a mixture of biologically active molecules with specific targets in cells and tissues. In 
primary astrocyte culture, the Phoneutria nigriventer spider venom (PnV) (Ctenidae, 
Araneomorphae) altered the cytoskeleton (stress fibers) and modifies the cellular morphology. 
Despite these relevant changes in cytoskeleton and morphology, it has not yet been investigated 
whether PnV and its components would have effects on cell migration, invasion and metastasis 
in gliomas. The present work investigated the in vitro antitumoral role of PnV in glioma cell 
lines (NG97ht and U-251) describing the effects of venom and its purified toxins on 
cytoskeleton, migration and tumor cell morphology. In order to contribute to elucidate the 
mechanism of action of PnV, the RhoA/ROCK pathway and Na+/K+-ATPase β2 (AMOG - glial 
adhesion molecule) were also evaluated. The first in vitro screening of the crude PnV antitumor 
effects showed that the venom is a mixture of components that are selective for targets involved 
in the migratory mechanisms of glioblastoma cells. Since PnV induced a response in neoplastic 
cells, the next step was to identify as fractions and subfractions responsible for the effects of 
the venom. Three fractions and twelve subfractions – SBs (obtained from the most active 
fraction) were tested and SBs 1 and 11 were the most effective, decreasing glioblastoma cell 
migration and invasion. Furthermore, SB1 and SB11 increased the expression of ROCK and 
AMOG in tumor cells, suggesting that these regulatory mechanisms are involved in the action 
of the toxins. ROCK inhibition abolished the effects of toxins, confirming that this pathway 
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1. Gliomas: características e classificação 
 
Tumores cerebrais malignos caracterizam-se por possuir alta morbidade e mortalidade 
devido à sua localização e crescimento invasivo (WELLER et al., 2015). Os gliomas são os 
tumores intracraniais primários mais comuns, correspondendo a 31% de todos os tumores do 
Sistema Nervoso Central (SNC) e 80% das neoplasias malignas do SNC, sendo responsáveis 
pela maioria das mortes por tumores cerebrais primários (OSTROM et al., 2018; WELLER et 
al., 2015). Apesar dos avanços concernentes ao desenvolvimento de novas terapias anticâncer, 
os tratamentos disponíveis contra o glioma e seus subtipos são deficitários, tendo o glioblastoma 
- o subtipo mais comum e maligno – uma média de sobrevida inferior a 2 anos (GUSYATINER 
& HEGI, 2018). Ademais, somente nos Estados Unidos, mais de 22 mil pessoas são 
diagnosticadas por ano com algum dos subtipos de glioma maligno. Como as terapias atuais 
para esses cânceres cerebrais primários são ineficientes, aproximadamente 95% dos pacientes 
sucumbem à doença dentro do período de 5 anos após o diagnóstico (CUDDAPAH et al.; 2014). 
Tumores cerebrais malignos são altamente devastadores e novas opções de tratamento tornam-
se, portanto, cada vez mais necessárias.     
Os tipos celulares que dão origem a esse tumor não são completamente conhecidos, 
porém, devem compreender as células-tronco neurais primitivas, células progenitoras gliais ou 
a desdiferenciação de um tipo celular maduro (FERRIS et al., 2017). São histologicamente 
classificados como oligodendrogliomas, astrocitomas, oligoastrocitomas e ependimomas, 
baseado em sua localização e similaridades morfológicas com os tipos celulares neurogliais 
encontrados no tecido saudável (WELLER et al., 2015). A principal característica pela qual 
tumores astrocíticos são agrupados deve-se à sua semelhança histológica com os astrócitos. 
Devido a isso, a presença de células com processos fibrilares finos, expressando a proteína 
acídica fibrilar glial (GFAP, do inglês - glial fibrillary acidic protein) confere uma importante 
característica diagnóstica nesses tumores. Na pesquisa, anticorpos que marcam a proteína 
GFAP podem ser úteis para a identificação de astrócitos bem como células astrocíticas sob 
condições patológicas, como os tumores derivados de astrócitos (NAKADA  et al., 2011; 
NAKADA et al., 2007).  
Além da classificação histopatológica, de acordo com características anaplásicas, a 
Organização Mundial de Saúde (OMS) definiu também um grau de I a IV de acordo com a 





graus III e IV como os de alto grau. Esses incluem os astrocitomas difusos (grau II), 
astrocitomas anaplásicos (grau III) e o mais agressivo, o glioblastoma (grau IV) (NAYAK & 
REARDON, 2017; WELLER et al., 2015). No entanto, a classificação baseada somente em 
análises histológicas do tumor possui algumas limitações, como exemplo, a variabilidade 
interobservador significativa, levando os neuropatologistas a reverem essa classificação 
(CHEN et al., 2017). Na quarta edição revisada da classificação da OMS referente aos tumores 
do SNC publicada em 2016, a classificação deixou de se basear apenas em critérios 
histopatológicos para ser caracterizada também conforme parâmetros moleculares, como a 
presença/ausência da mutação no gene da Isocitrato desidrogenase 1 e 2 (IDH1 IDH2) e a 
codeleção 1p/19q, além de outros marcadores, reclassificando o glioma e seus subtipos;  a nova 
classificação agrupa os gliomas caracterizados histopatologicamente em: astrocitoma difuso 
IDH mutante; astrocitoma IDH selvagem; oligodendroglioma IDH mutante e com a codeleção 
1p/19q; glioblastoma IDH mutante; glioblastoma IDH selvagem, dentre outros (WESSELING 
& CAPPER, 2018; CHEN et al., 2017). Conforme mencionado, o tempo de sobrevida após o 
diagnóstico de glioma, principalmente do subtipo mais agressivo, o glioblastoma, é 
preocupante. Somado a isso, apesar das mudanças de paradigma no diagnóstico dos gliomas 
refletirem um grande progresso em nossa compreensão da biologia molecular dos tumores 
cerebrais, essa reclassificação, bem como os estudos crescentes referentes à análise 
comportamental dos gliomas e seus subtipos, evidenciam cada vez mais a complexidade da 
doença. Devido a tal complexidade, estudos que relacionem o efeito de novos fármacos com 
potencial terapêutico aos mecanismos comportamentais, como a invasão tumoral e metástase, 
identificando também as vias de sinalização envolvidas, são de grande importância na tentativa 
de combate à doença, visando também, a melhora do prognóstico e da qualidade de vida do 
paciente.  
 
1.1. Migração celular, invasão tecidual e metástase  
 
Embora a disposição de informações acerca do comportamento dos gliomas e seus 
subtipos seja crescente, a complexidade dos mecanismos de invasão dessas células no SNC 
continua sendo um grande desafio para a neuro-oncologia clínica (ALFONSO et al., 2017). A 
infiltração pelo parênquima cerebral é uma característica marcante dos subtipos malignos do 
glioma, incluindo o mais agressivo, o glioblastoma, o que dificulta o tratamento cirúrgico e a 
completa remoção da massa tumoral (EYÜPOGLU et al., 2013). Os tumores cerebrais 





em áreas próximas à margem de ressecção. Outros relatos indicam que a infiltração é 
generalizada, com recidiva do tumor, após remoção cirúrgica, no hemisfério oposto àquele que 
continha a massa tumoral de origem (BELLAIL et al., 2004). 
 Para muitos processos biológicos não patológicos, a migração celular é essencial, como 
durante a morfogênese embrionária, a vigilância imunológica e o reparo tecidual, porém, em 
células cancerígenas, a motilidade celular acentuada promove progressão, invasão e metástase 
tumoral (FIFE et al., 2014; YAMAGUCHI & CONDEELIS, 2007).  
A metástase de células cancerígenas de modo geral, consiste em um processo de 
múltiplos estágios, que envolve a invasão pelo tecido circundante, intravasamento (passagem 
através das células endoteliais e acesso aos vasos sanguíneos/linfáticos), trânsito pelo sangue 
ou linfa, extravasamento e crescimento em um novo local, possibilitando uma dispersão do 
tumor para outros locais do organismo, o que dificulta o seu tratamento. Muitos desses estágios 
envolvem a migração celular, definida como o movimento de células de um local para o outro, 
frequentemente em resposta aos sinais externos específicos. Já a invasão tecidual compreende, 
além da migração celular, a degradação de componentes da matriz extracelular (MEC). Embora 
no tecido cerebral a MEC esteja presente em menor quantidade em relação aos outros tecidos 
do corpo, essa estrutura precisa ser degradada pela célula de glioma migrante (OLSON & 
SAHAI, 2009; IWADATE et al., 2016; TATE & AGHI, 2009). É importante considerar que, 
apesar dos gliomas serem extremamente adeptos à infiltração de órgãos, apenas de 0,4 % a 2 % 
metastizam fora do cérebro, enquanto a maioria se restringe à invasão através do tecido cerebral 
(BEAUCHESNE, 2011; CUDDAPAH et al.; 2014).  
A migração e a invasão de células de glioma através do tecido cerebral saudável são 
processos complexos, porém, relacionados. Através do desprendimento da célula de glioma da 
massa tumoral primária com seus movimentos migratórios e ao invadir o espaço cerebral 
saudável, os gliomas estabelecem numerosos microtumores, alguns com pouca distância do 
tumor primário, tornando a ressecção cirúrgica paliativa e não curativa. Apesar de existirem 
muitos questionamentos, os mecanismos detalhados de invasão dos gliomas começam a ser 
conhecidos, prometendo novas e promissoras abordagens terapêuticas. Terapias que tenham 
como alvo células invasivas de glioma podem melhorar significativamente o prognóstico 
clínico (NAKADA et al, 2007). Acredita-se que a formação da vasculatura tumoral anormal e 
a invasão de células de glioma ao longo da substância branca cerebral sejam as principais razões 
para a resistência desses tumores ao tratamento (ONISHI et al., 2011).  
De modo geral, a invasão de células tumorais compreendem quatro etapas distintas 





células invasoras a partir da massa tumoral primária; (2) adesão à MEC via receptores 
específicos; (3) degradação da MEC e (4) motilidade celular e contratilidade (células 
migratórias ativas) (Figura 1). 
 
 
Figura 1. Representação esquemática da migração de células de glioma pelo tecido cerebral hospedeiro, 
envolvendo quatro diferentes etapas: (1) desprendimento das células invasoras a partir da massa tumoral 
primária, processo que envolve mecanismos de desestabilização da adesão célula-célula, além de 
alteração do microambiente tumoral; (2) adesão das células tumorais migratórias à MEC, mediada por 
proteínas de membrana celular, as integrinas; (3) secreção de proteases que degradam os componentes 
da MEC, criando rotas para as células migratórias; (4) migração das células por extensão de uma 
protrusão citoplasmática proeminente, seguida de movimentação para a frente do corpo celular. Fonte 
própria.  
 
O desprendimento das células que compõem a massa tumoral dando início à 
invasividade envolve diversos eventos. Um dos eventos inclui a desestabilização e 
desorganização da adesão célula-célula (junções mediadas por proteínas chamadas caderinas), 
um processo dependente de cálcio. Estudos mostram que, durante a progressão do tumor, a 
função reduzida da caderina correlaciona-se com a metástase e um mau prognóstico da doença 
(BREMMES et al.; 2002). Outro evento decorre da redução na expressão da proteína chamada 
conexina 43 - proteína de junção comunicante mais abundante do SNC, expressa 
principalmente nos astrócitos (DERMIETZEL & SPRAY, 1993). MCDONOUGH et al (1999) 
relataram que a formação reduzida de junção comunicante está correlacionada com o aumento 
da motilidade das células de glioma in vitro, ou seja, a diminuição da expressão da conexina 43 
é importante para o crescimento e a invasividade dos gliomas. A clivagem da proteína CD44 
também é um acontecimento importante durante o processo. Essa molécula é uma glicoproteína 
transmembrana que ancora a massa tumoral primária à MEC (NEGANO & SAYA, 2004).     
Posteriormente ao desprendimento da massa tumoral primária, a adesão da célula 
tumoral à MEC engloba outros mecanismos. As moléculas mais comuns que permitem que as 





glicoproteínas transmembranas compostas pelas subunidades α e β, que interagem com dois 
grupos principais: as proteínas da MEC, como a broncolina, a vitronectina e o fibrinogênio e as 
moléculas de adesão intracelular ICAM-1 e ICAM-2 (do inglês, Intercellular Adhesion 
Molecule 1/2 ) (NEGANO & SAYA, 2004).    
Apesar da MEC servir de caminho durante o movimento celular, para que o mesmo 
ocorra com eficiência, a célula migrante precisa degradar os componentes dessa matriz de modo 
a criar espaços pelos quais as células de glioma possam migrar. Durante esse processo, a célula 
tumoral libera proteases, sendo mais comuns as MMPs (do inglês, Matrix Metallopeptidases) 
(NEGANO & SAYA, 2004). WILD-BODE et al (2001) verificaram que os níveis de MMP-2 
e MMP-3, bem como a atividade de MMP-2/MMP-9 correlacionavam-se com a migração e 
invasão das células de glioma. No entanto, a regulação desses componentes ainda tem sido 
estudada.  
Por fim, a motilidade celular necessita de força contrátil citoplasmática. A migração 
das células de glioma se assemelham às células progenitoras neurais não transformadas, 
estendendo uma protrusão proeminente seguida do movimento para frente do corpo celular. Na 
porção posterior da célula em migração, a proteína motora miosina II ou miosina de cadeia leve 
(MLC; do inglês, Myosin Light Chain) é a principal fonte de força contrátil citoplasmática que 
permite que as células do glioma se espremam por espaços pequenos, uma vez que o cérebro 
possui espaços extracelulares particularmente estreitos, através da geração de contratilidade da 
porção posterior da célula migrante (BEADLE et al., 2008; SALHIA et al., 2005; 
BORNHAUSER & LINDHOLM, 2005).  
A dinâmica do citoesqueleto celular e das vias que regulam os seus componentes 
também são de grande importância no estudo da invasão e metástase tumoral. O citoesqueleto 
é formado por proteínas: filamentos intermediários, filamentos de actina e microtúbulos, e 
constitui uma importante base pela qual a célula gerencia mudanças de tamanho, forma, 
proliferação e migração, por meio de vias de sinalização que controlam as adesões celulares 
(MASOUMI et al., 2016). Especificamente os filamentos de actina, também chamados de 
microfilamentos, são compostos por polímeros da proteína actina e constituem as estruturas 
mais importantes envolvidas durante a migração celular (LAURENT et al., 2005). Nas células, 
a actina existe nas formas monomérica (G-actina) ou polimérica (F-actina) (FIFE et al., 2014). 
Esses filamentos se agrupam em diversas estruturas protrusivas e contráteis que fornecem força 
para vários processos celulares vitais. A proteína actina também forma as fibras de estresse, que 
são constituídas por feixes de actomiosina contráteis encontrados em muitas células não 





celular (TOJKANDER et al., 2012).  
O citoesqueleto de actina auxilia a célula a gerar uma força protrusiva na membrana 
plasmática (chamados de filipódios, lamelipódios ou podossomos, dependendo de suas 
características estruturais) em resposta ao gradiente extracelular de fatores de crescimento e 
outros componentes, estendendo protuberâncias da membrana celular orientadas pela 
polimerização da actina em direção ao estímulo celular. As protrusões são então estabilizadas 
por adesões que ligam o citoesqueleto de actina às proteínas da MEC. Com isso, a tensão 
contrátil mencionada anteriormente ocorre na parte posterior por meio da ligação da actina com 
a MLC, produzindo forças no substrato, estimulando a desmontagem das aderências na parte 
traseira da célula. Após, ocorre a retração, na qual o citoplasma como um todo é impulsionado 
em direção ao estímulo (Figura 2) (FIFE et al., 2014; YAMAGUCHI & CONDEELIS, 2007; 
RIDLEY et al., 2003; MOGILNER, 2009).  
 
 
Figura 2. Representação esquemática da dinâmica do citoesqueleto nas etapas da migração celular (a 
direção da migração é representada pela seta roxa). (1) Os filamentos de actina são representados na cor 





membrana plasmática em direção ao estímulo. (2) As protrusões são estabilizadas por aderências que 
ligam o citoesqueleto de actina às proteínas da MEC. (3) A contração acto-miosina II ocorre na porção 
posterior à protrusão e produz forças no substrato. (4) A contração incentiva a desmontagem de 
aderências na parte traseira, permitindo a retração do corpo da célula na direção da migração celular. 
Adesões focais fortes e fracas são representadas pelos símbolos na cor verde-escuro. Fonte própria. 
 
 À luz do desfecho preocupante observado após tratamento com as terapias atuais, e 
tendo em vista que os gliomas invasivos são geralmente fatais ao paciente, dificultanto a 
completa remoção do tumor e a chance de cura, um melhor entendimento dos mecanismos de 
invasão das células tumorais deos glioma é crucial para o futuro desenvolvimento de 
intervenções mais eficazes para conter essa doença, a qual progride rapidamente. 
 
1.2. Mecanismos regulatórios envolvidos na migração dos gliomas 
 
Para que ocorram tais eventos relacionados à migração das células tumorais, existem 
vias de sinalização específicas que modulam esses processos. Uma das principais vias de 
sinalização celular envolvidas na regulação dos componentes do citoesqueleto é a via das 
GTPases da família Rho. As Rho GTPases possuem papel fundamental no controle de várias 
vias bioquímicas subjacentes à migração, influenciando a dinâmica do citoesqueleto, montagem 
e desmontagem das junções célula-célula e a adesão integrina-MEC. Essa família é constituída 
por 20 proteínas pequenas que, em conjunto com suas proteínas efetoras, regulam o ciclo 
celular, a polaridade celular bem como a migração das células (FIFE et al., 2014; JAFFE & 
HALL, 2005). Interessantemente, tumores humanos de diversos tipos apresentam expressão 
elevada dos genes para Rho GTPases, sendo esses cânceres correlacionados com um aumento 
do fenótipo invasivo e metastático (FIFE et al., 2014).  
As três GTPases mais estudadas da família Rho são: Rho, Rac e Cdc42. Durante a 
modulação da dinâmica do citoesqueleto, proteínas da família Rho podem recrutar membros da 
família de quinases ROCK (do inglês, Rho-associated coiled-coil kinase), que fosforilam várias 
proteínas do citoesqueleto, promovendo a formação de fibras de estresse de actina e geração da 
força contrátil. Já a proteína Rac reorganiza o citoesqueleto de actina promovendo as protrusões 
na membrana e a proteína Cdc42 induz a formação de microprojeções ricas em actina a fim de 
detectar gradientes quimiotáticos para iniciar o movimento celular dirigido (FIFE et al., 2014). 
Estudos mostram que a sinalização de Rho-ROCK, com a consequente modulação no 





tumores (FIFE et al., 2014). Acredita-se que a via Rho induza adesões focais por estimular a 
contratilidade, através da fosforilação da MLC (CHRZANOWSKA-WODNICKA & 
BURRIDGE, 1996). Esse efeito é mediado pelo efetor da Rho, a serina/treonina cinase ROCK 
(KIMURA et al., 1996). Rho ativa ROCK, a qual eleva a fosforilação de MLC, aumentando a 
ativação dessa  miosina (AMANO et al., 1997). Além disso, a formação normal das fibras de 
estresse envolve a sinalização da ROCK (Figura 3) (WATANABE et al., 1999).  
 
Figura 3. Representação esquemática da ativação mediada por Rho na organização da actina. A ativação 
da GTPase Rho aumenta a contração via cadeia leve de miosina II (MLC), o que promove a formação 
de feixes contráteis de actina (fibras de estresse). Essa ativação requer a proteína ROCK (cinase 
dependente de Rho), que inibe a fosfatase que remove os grupos fosfatos de ativação da MLC. Fonte 
própria. 
 
Um estudo mostrou que genes Rho-GTPases são altamente correlacionados com 
glioblastoma (NUTT et al., 2003). A expressão de RhoA e RhoB estava significantemente 
reduzida em tumores astrocíticos e seus níveis foram inversamente proporcionais ao grau do 
tumor, ou seja, quanto menor a expressão, maior o grau e, portanto, a agressividade da neoplasia 
(FORGET et al, 2002). Foi demonstrado que Rho é rapidamente ativada após fixação de células 





morfológicas dessas células submetidas à fixação (DING et al., 2002). Células de glioblastoma 
que possuem um aumento da atividade de RhoA caracterizam-se por possuirem uma 
prejudicada migração celular, através da indução de profundas alterações morfológicas, 
incluindo a reorganização da actina em fibras de estresse e a indução de adesões focais 
(PALAMÀ et al, 2019). Essas alterações, que estão relacionadas principalmente à atividade de 
RhoA, tornam as células imóveis (GOLDBERG & KLOOG, 2006). Além disso, em células de 
glioblastoma humano, a ativação de ROCK diminui a migração celular e altera o balanço entre 
F- e G-actina (CARABALLO-MIRALLES et al., 2012), enquanto a inibição da ROCK resulta 
em aumentada migração e invasão de células de glioma humano (ZOHRABIAN et al, 2009; 
SALHIA et al., 2005).  
Além das vias anteriormente mencionadas, outro mecanismo regulatório que parece 
estar envolvido na invasividade das células tumorais, em especial nos gliomas, relaciona-se à 
molécula de Na+/K+-ATPase. Essa consiste em uma bomba de íons de transdução de energia e 
que indiretamente modula a sinalização de Ca2+. Estudos mostram que essa bomba pode estar 
relacionada à migração e invasão dessas células tumorais, ajustando a forma e o volume das 
mesmas a medida que invadem o parênquima cerebral saudável (RAMSOM et al., 2001). 
Conforme observado por LEFRANC et al (2008), a ligação de um esteroide cardíaco 
(UNBS1450) à subunidade α1 da Na+/K+-ATPase prejudica a migração de células da linhagem 
U373-MG de glioblastoma humano, através da desorganização do citoesqueleto de actina. 
Isoformas β da Na+/K+-ATPase, como a β2, também conhecida como molécula de adesão na 
glia (AMOG, do inglês, adhesion molecule on glia), possui o potencial de regular a adesão 
celular no contexto da progressão do câncer. Embora a AMOG seja altamente expressa no SNC 
adulto normal, evidências sugerem que ela pode estar desregulada ou perdida na maioria dos 
glioblastomas e essa perda implica na alta invasividade e migração dessas células (SENNER et 
al., 2003; SUN et al., 2013). 
Os mecanismos envolvidos na dinâmica do citoesqueleto celular são complexos e 
importantes para impulsionar movimentos migratórios celulares, dentre outras funções. 
Moléculas que possam ter ação em proteínas específicas e em outros componentes que 
modulem os mecanismos envolvidos nos movimentos migratórios e de invasão tumoral, como 
a via RhoA/ROCK, bem como proteínas regulatórias como a Na+/K+-ATPase, podem ser 
promissores alvos farmacológicos para tratamento de glioma e seus subtipos, com grande 
potencial para reduzir a motilidade e invasão dessas células cancerígenas, consequentemente, 






2. Opções terapêuticas disponíveis 
 
O tratamento do glioma e seus subtipos consiste, atualmente, em uma abordagem de 
três frentes: remoção cirúrgica, seguida de radiação e quimioterapia. Entretanto, esses 
tratamentos em conjunto adicionam apenas meses de sobrevida ao paciente (CUDDAPAH et 
al., 2014). Para o glioblastoma, o histórico é ainda mais preocupante, pois pouco aumento 
significativo de sobrevida foi alcançado nos últimos 20 anos para pacientes com essa doença 
(ONISHI et al., 2011).  
A quimioterapia com temozolomida (TMZ), um agente alquilante oral de excelente 
penetração no SNC, é amplamente utilizada no tratamento do glioblastoma; no entanto, os 
efeitos adversos de curto prazo associados à TMZ podem ser graves, e os efeitos a longo prazo 
são desconhecidos (HART et al.; 2013). Um estudo realizado por BAE et al (2014) avaliou os 
perfis da toxicidade da TMZ no tratamento de gliomas malignos, tanto como uso 
quimioterápico, quanto simultaneamente em conjunto com outros métodos terapêuticos, através 
de registros médicos de 300 pacientes portadores de glioma maligno tratados com TMZ em 
duas instituições médicas na Coreia entre 2004 e 2010. De acordo com o estudo, 209 pacientes 
experimentaram um total de 618 toxicidades durante a terapia. Dentre as toxicidades não 
hematológicas, náusea, vômito e anorexia foram as mais comuns.   
Outras falhas no tratamento incluem a difícil administração de doses suficientes de 
quimioterápicos através da barreira hematoencefálica (BHE). No cérebro adulto normal, a BHE 
é estabelecida pela coordenação de três tipos celulares primários: pericitos, astrócitos e células 
endoteliais, que funcionam como um corredor seletivo para o fluxo de moléculas entre a 
circulação sistêmica e os tecidos cerebrais. Existem proteínas nessa barreira que removem 
ativamente moléculas estranhas do tecido cerebral para a circulação sistêmica, um dos 
mecanismos conhecidos de resistência quimioterápica em gliomas. Além disso, como visto 
anteriormente, a ocorrência da invasão de células tumorais no parênquima cerebral circundante 
compromete o resultado do procedimento cirúrgico e da radiação ionizante (CUDDAPAH et 
al., 2014).  
Apesar das tentativas crescentes de desenvolver novas terapias contra tumores 
cerebrais, um número de ensaios pré-clínicos tem falhado em estabelecer tratamentos efetivos. 
Os métodos atuais conforme mencionado, também são ineficientes. Portanto, buscar novas 
opções terapêuticas para o controle dos gliomas tem alta relevância social e trata-se de uma 
necessidade urgente.  





a diversas doenças. Produtos naturais têm contribuído grandemente para a história e o panorama 
de novas entidades moleculares. PATRIDGE et al (2016), acessaram todas as novas moléculas 
aprovadas pela FDA (Food and Drug Administration), revelando que os produtos naturais e 
seus derivados representam mais de um terço das novas entidades. Aproximadamente um terço 
dessas moléculas são derivadas de mamíferos, um quarto de microrganismos e um quarto de 
plantas. Veneno de artrópodes (principalmente aranhas e escorpiões), por outro lado, são fontes 
subexploradas de novas entidades moleculares.   
Venenos animais são constituídos por uma mistura de moléculas biologicamente ativas 
com alta afinidade por múltiplos alvos em células e tecidos (CRUZ- HÖFLING et al., 2016). 
Peptídeos isolados desses venenos são geralmente altamente resistentes ao pH, temperatura e 
degradação das proteases. Também possuem normalmente domínios evolutivos conservados, 
fornecendo uma oportunidade para identificar tipos semelhantes de peptídeos em outras 
espécies de animais venenosos. Além disso, avanços nas técnicas de síntese de peptídeos em 
larga escala pode produzir fármacos derivados dessas moléculas de venenos animais, 
viabilizando o uso na terapêutica (MAHADEVAPPA et al., 2017). 
 Os venenos de artrópodes, com destaque para os componentes dos venenos de aranhas 
e escorpiões, têm mostrado efeitos relevantes em células tumorais, agindo principalmente 
através de quatro mecanismos potenciais: 1) Induzindo o arresto do ciclo celular, inibição do 
crescimento e apoptose; 2) Inibindo a angiogênese; 3) Bloqueando canais transmembrana 
específicos e 4) Inibindo a invasão celular e metástase (para revisão, consultar RAPÔSO, 2017). 
Por exemplo, BUBIEN et al (2004) mostraram que o veneno da espécie de aranha Psalmopoeus 
cambridgei, a tarântula da América do Sul, especificamente a Psalmotoxin (PcTx1), inibe a 
corrente iônica da membrana plasmática em células de glioma humano.  
Nesse sentido, estudos realizados pelo nosso grupo de pesquisa evidenciaram que o 
veneno da espécie de aranha Phoneutria nigriventer (PnV) (Ctenidae, Araneomorphae), 
originária da América do Sul e popularmente conhecida como aranha “armadeira”, estimula 
diretamente os astrócitos de maneira dose-dependente. Esses estudos também evidenciaram que 
os receptores de membrana Na+/K+-ATPase são ativados pelo PnV. A Na+/K+-ATPase, como 
dito anteriormente, possui um papel importante no ajuste do volume celular, organização do 
citoesqueleto e migração. Além disso, constatou-se que a administração sistêmica do PnV altera 
a permeabilidade da BHE, a qual confere grande obstáculo à ação de fármacos no SNC, 
sugerindo que o veneno pode atravessá-la e ter ação no cérebro, além de poder auxiliar a 
passagem de outros medicamentos pela barreira (RAPÔSO, 2016). O estudo de RAPÔSO et al 





(fibras de estresse), o balanço entre F- e G-actina, induzindo uma maior formação de F-actina 
(fibras de estresse) e modificou a morfologia astrocitária (Figura 4). 
Apesar dos efeitos relevantes no citoesqueleto e morfologia celular, ainda não havia sido 
investigado se o PnV e seus componentes teriam efeitos sobre a migração, invasão e metástase 
em gliomas e seus subtipos. Além disso, os mecanismos envolvidos nas alterações do 
citoesqueleto e morfologia celular observados também não haviam sido demonstrados. 
 
 
                                                        
Figura 4. Imunohistoquímica para GFAP e marcação de fibras de estresse (A-I) em cultura primária de 
astrócitos. O PnV induziu alteração na morfologia dos astrócitos, com retração do corpo celular e 
desorganização do citoesqueleto, principalmente após 1 h de incubação com o veneno (G-I). O ensaio 
para dosagem de G- e F-actina (gráfico) demonstrou que ocorre uma maior formação de F-actina em 







Diante do exposto, o presente trabalho avaliou o efeito e os mecanismos de ação do PnV 
bruto e de suas toxinas purificadas na morfologia e migração de células de glioma, 
especificamente em linhagens de glioblastoma humano, esclarecendo também o papel da via 









1.1.    Objetivo geral:  
 
Investigar o papel antitumoral do PnV e suas subfrações purificadas em células de 
glioblastoma (NG97ht e U-251), descrevendo seus efeitos no citoesqueleto, migração, adesão 
e morfologia das células tumorais; identificar a subfração mais ativa sobre esses parâmetros e 
avaliar o envolvimento da via RhoA-ROCK e da Na+/K+-ATPase β2 no seu mecanismo de ação. 
 
1.2. Objetivos específicos:  
 
Incubar células de glioma (NG97ht) e glioblastoma (U-251), in vitro, com PnV ou 
subfrações isoladas do veneno, durante 1 – 72 horas, e investigar:  
 
a. Se o PnV e suas subfrações purificadas diminuem a migração celular, utilizando os métodos 
Scratch-wound healing e Transwell;  
b. Se o PnV e suas subfrações purificadas alteram a adesão celular, utilizando o teste de adesão 
CytoSelectTM 48-Well Cell Adhesion Assay; 
c.  Alterações na morfologia e no citoesqueleto, através da marcação de fibras de estresse com 
a sonda faloidina conjugada com o marcador fluorescente alexa488 e de imunofluorescência 
para GFAP;  
d. Qual das subfrações isoladas do veneno é a mais ativa e promissora para ser utilizada como 
um futuro fármaco antineoplásico, considerando os parâmetros avaliados; 
d. Se a via de sinalização RhoA/ROCK está envolvida nos efeitos dessas subfrações purificadas 
sobre o citoesqueleto, morfologia e migração celular, utilizando western blotting para avaliar a 
expressão das proteínas da via, bem como o inibidor de ROCK, Y27632; 
f. Se a Na+/K+-ATPase (AMOG) está envolvida no mecanismo de ação das subfrações isoladas 
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1 | INTRODUCTION 
 
Brain tumors originate from diverse neuronal cells with different 
degrees of aggressiveness (Tsitsia et al., 2017). The most common 
types of primary brain tumors (40−60%) are represented by 
transformed glial cells and are classified as gliomas (Zhang et al., 
2017). Low‐grade gliomas (grades I and II) are generally benign, 
whereas high‐grade gliomas (grades III and IV) are considered 
malignant (Tsitsia et al., 2017). Malignant gliomas result in more 
than 13,000 deaths annually in the United States alone (Hu, 
Thirtamara‐Rajamani, Sim, & Viapiano, 2009). In Europe, around 
27,000 new cases are diagnosed every year, with a high prevalence 
of glioblastoma multiforme (50%) and anaplastic glioma (10%; Reni, 
Mazza, Zanon, Gatta, & Vecht, 2017). In developing countries, the 
   incidence of cancer is expected to increase to around 60% of new 
Abbreviations: BBB, blood–brain barrier; CFSE, carboxyfluorescein succinimidyl ester; FBS, 
fetal bovine serum; HPLC, high‐pressure liquid chromatography; IMDM, Iscove’s modified 
Dulbecco’s medium; MTT, thiazolyl blue tetrazolium blue; PBS, phosphate‐buffered saline; 
Pi, propidium iodide; PI, proliferation index; PnV, Phoneutria nigriventer venom. 
 
*Natália Barreto and Amanda Pires Bonfanti contributed equally to this work. 
casesand 70% of deaths worldwide. In Brazil, 10,000 new cases of 
brain tumors occurred in 2016, according to data from the Ministry 
of Health (Ministério da Saúde, 2015). Despite surgical resections, 
radiotherapy, and chemotherapy, the median survival time is only 
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The mechanisms of cancer involve changes in multiple biological pathways. Multi- 
target molecules, which are components of animal venoms, are therefore a potential 
strategy for treating tumors. The objective of this study was to screen the effects of 
Phoneutria nigriventer spider venom (PnV) on tumor cell lines. Cultured human glioma 
(NG97), glioblastoma (U‐251) and cervix adenocarcinoma (HeLa) cells, and nontumor 
mouse fibroblasts (L929) were treated with low (14µg/ml) and high (280µg/ml) 
concentrations of PnV, and analyzed through assays for cell viability (thiazolyl blue 
tetrazolium blue), proliferation (carboxyfluorescein succinimidyl ester), death 
(annexin V/propidium iodide [Pi]), the cell cycle (Pi), and migration (wound healing 
and transwell assay). The venom decreased the viability of U‐251 cells, primarily by 
inducing cell death, and reduced the viability of NG97 cells, primarily byinhibitingthe 
cell cycle. The migration of all the tumor cell lines was delayed when treated with 
venom. The venom significantly affected all the tumor cell lines studied, with no 
cytotoxic effect on normal cells (L929), although the nonglial tumor cell (HeLa) was 
less sensitive to PnV. The results of the current study suggest that PnV may be 
composed of peptides that are highly specific for the multiple targets involved in the 
hallmarks of cancer. Experiments are underway to identify these molecules. 
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14–15 months for patients with glioblastoma (Teo et al., 2014) and 
2–5 years for those with anaplastic gliomas (Wen & Kesari, 2008). 
Considering the limitations of the current treatment modalities, 
attempts are being made to develop new chemotherapeutic agents 
that can improve prognosis and prolong patient survival 
(Frosina, 2016). 
Cancer is a multifactorial disease and so involves complex 
mechanisms. To identify the characteristics related to the develop- 
ment of cancer, these were systematized into fourmainhallmarks: (a) 
The maintenance of proliferative signaling, (b) resistance to cell 
death, (c) angiogenesis capacity, and (d) tissue invasion and 
metastasis (Anighoro, Bajorath, & Rastelli, 2014; Hanahan & 
Weinberg, 2011). The search for molecules that can act concomi- 
tantly in more than one of these hallmarks is important from a 
therapeutic perspective. 
Animal venoms are a mixture of biologically active molecules, 
such as proteins and nonprotein substances, with specific targets in 
cells and tissues. Despite their toxicity, they represent promising 
guiding compounds for drugs development. Biomolecules in scorpion 
and spider venoms have been shown to affect the hallmarks of cancer 
(see Rapôso, 2017, for a comprehensive review). However, while 
there is a significant amount of literature on the venom and toxins of 
scorpions, the same cannot be said for spider venoms. Research in 
this line of investigation is therefore important (Rapôso, 2017). 
The venom of the Phoneutria nigriventer (PnV) spider (Ctenidae, 
Araneomorphae) from South America contains potent basic peptides, 
some of them neurotoxic. PnV has been shown to permeate the 
blood–brain barrier (BBB), an obstacle to combatting brain cancer 
and neurodegenerative diseases with therapeutics (Cruz‐Höfling, 
Tavares, & Rapôso, 2016; Le Sueur, Collares‐Buzato, & Alice da Cruz‐ 
Höfling, 2004; Le Sueur, Collares‐Buzato, Kalapothakis, & Cruz‐ 
Höfling, 2005; Le Sueur, Kalapothakis, & Cruz‐Höfling, 2003; Rapôso 
et al., 2012, 2014; Rapôso, Zago, da Silva, & da Cruz Höfling, 2007). 
Furthermore, PNV affects astrocytes, inducing profound alterations 
in their morphology and cytoskeleton (Rapôso et al., 2016). The 
effects of PnV on astrocytes suggest that the venom contains 
molecules that could potentially target glioma cells. The purpose of 
this study was therefore to screen the in vitro antitumor effects of 
PnV, considering the main hallmarks of cancer development: survival, 
proliferation, programmed death, migration, and invasion. 
 
2 | MATERIALS AND METHODS 
 
2.1 | Reagents and venom 
All the chemicals were obtained from Sigma Aldrich (St. Louis, MO), 
unless  otherwise  stated.  Two  samples  of  crude lyophilized 
P. nigriventer venom obtained by the electrical stimulation of 
numerous adult spiders (male and female) were provided by 
Professor Thomaz Rocha‐e‐Silva (Faculdade Israelita de Ciências da 
Saúde Albert Einstein). The quality and reproducibility of the venom 
were evaluated by high‐pressure liquid chromatography (HPLC) 
analysis. The crude venom was fractioned by using Amicon Ultra 
Centrifugal Filter (#UFC801008; Thermo Fisher Scientific, Suwan- 
nee, GA). Briefly, this procedure consists of separating the fractions 
by molecular mass using molecular filters with nominal separation at 
10 and 3 kDa. With this, three fractions were obtained: HW = high 
weight, above 10 kDa; IW = intermediate weight, molecules between 
3 and 10 kDa; LW =low weight, less than <3 kDa. The lyophilized 
venom and fractions were stored at −80°C and dissolved immedi- 
ately before use. 
 
2.2 | Cell culture and treatments 
Human glioma (NG97), glioblastoma astrocytoma (U‐251), and 
epithelioid cervix adenocarcinoma (HeLa) tumor cell lines and 
nontumor mouse fibroblast (L929; derived from normal subcuta- 
neous areolar and adipose tissue of a 100‐day‐old male C3H/An 
mouse) were grown in Iscove’s modified Dulbecco’s medium (IMDM) 
supplied with 10% fetal bovine serum (FBS), 100 U/ml penicillin, and 
100 µg/ml streptomycin. All the cultures were maintained in a 
humidified atmosphere at 37°C and 5% CO2. After confluence, the 
cells were trypsinized or detached using a scraper, placed in 12‐, 24‐, 
48‐, or 96‐well plates, and treated with low (14 µg/ml) or high 
(280 µg/ml) PnV concentrations (Rapôso et al., 2016). Control cells 
were maintained in IMDM. Cells were treated for 1, 5, 24, 48, and 
72 hr, or for some of these times, according to the following assays. 
All the assays were performed in triplicate and repeated in three 
independent sets. 
 
2.3 | Determination of cytotoxicity—thiazolyl blue 
tetrazolium blue (MTT) 
NG97, U‐251, HeLa, and L929 cell lines were seeded in 96‐well 
plates (Corning, Inc., New York, NY) at an initial density of 
1.0 × 10
4 
cells per well and incubated at 37 °C for 72 hr. The cells 
were then treated with low (14 µg/ml) or high (280 µg/ml) PnV 
concentrations for 1, 5, and 24 hr, while the control cells were 
maintained in the medium. MTT, the reduction capacity of which 
indicates cellular activity, was used to determine the cytotoxicity 
of PnV. MTT was added to each well and incubated at 37 °C for 
4hr, according to the manufacturer’s protocol. Acidified isopro- 
panol was added to each well to solubilize the blue crystals of 
MTT. Absorbance at 570 nm, which indicates cell activity, was 
determined using a Multiskan GO microplate spectrophotometer 
(Thermo Fisher Scientific, Inc., Waltham, MA). 
 
2.4 | Cell proliferation assay—carboxyfluorescein 
succinimidyl ester (CFSE) 
NG97, U‐251, and HeLa cells (1.0 × 106) were labeled with (CFSE) 
probe (#C34554; Life Technologies Corporation, Eugene, OR) 
according to the supplier’s instructions and seeded in 96‐well plates 
(Corning, Inc., New York, NY). After 24 and 72 hr of exposure to PnV 
(the controls were maintained in the medium) or 24 hr of exposure to 
F1, F2, and F3 (0.1, 1, and 10 μg/ml), the cells were washed and 








FIG U RE 1 Venom profile by high‐pressure liquid 
chromatography. There was no significant difference between the 
two Phoneutrianigriventer spider venomsamples used in this study 
[Color figure can be viewed at wileyonlinelibrary.com] 
 
suspended in 500 μl phosphate‐buffered saline (PBS; 0.01 M, pH 7.4) 
for flow cytometric enumeration of viable cell number and prolifera- 
tion analysis using the FACSVerse Cytometer and FACSuitesystem 
(BDBiosciences). Cellular proliferation was traced bythe progressive 
decay of the probe. Data were described as proliferation index (PI), 
analyzed by FlowJo software (v7.6.5; Tree Star. Inc., Ashland, OR). 
 
 
2.5 | Apoptosis–necrosis assay and cell cycle 
analysis 
NG97 and U‐251 cells were seeded in 24‐well plates (Corning, NY) 
at an initial density of 1.0 × 10
5 
cells per well andincubated at 37 °C 
for 72hr. The cells were then treated with low (14µg/ml) and high 
(280 µg/ml) PnV concentrations for 1, 5, and 24 hr, while the control 
cells were maintained in the medium. To determine the extent of 
apoptosis and necrosis, 1.0 × 10
5 
cells were stained with fluorescein 
isothiocyanate (FITC)–conjugated annexin V and propidiumiodide 
(Pi), using the annexin V‐FITC apoptosis detection kit (#640914; 
Biolegend, San Diego, CA) following the manufacturer’s instructions. 
A total of 10,000 cells were analyzed and cell apoptosis–necrosis was 
determined using the FACSVerse Cytometer and FACSuite system 
(BD Biosciences). The data were analyzed with FlowJo software 
(v7.6.5; Tree Star. Inc., Ashland, OR). For cell cycle distribution, 
following the treatments, 1.0 × 10
6 
cells were fixed overnight at 4 °C 




FIG U RE 2 Cell viability assay (MTT). Glioma (NG97) (a), glioblastoma (U‐251) (b), and cervix carcinoma (HeLa) (c) human tumor cells 
showed reduced viability following treatment with both venom concentrations in comparison with control. The venom did not reduce the 
viability of mouse fibroblasts (L929), but at 24 hr both concentrations increased L929 cell viability (d). *p < 0.05, **p < 0.01, and ***p < 0.001, 
compared with the control. Data are means±SEM; one‐way ANOVA followed by post hoc Dunnett’s multiple comparisons test and the 
Student t test. MTT: thiazolyl blue tetrazolium blue 








FIG U RE 3 Proliferation test in glioma (NG97) cells using the CFSE probe. The venom(280µg/ml, but not 14µg/ml) decreased cell 
proliferation, which was significant after 72 hr (a). (b,c) Representative histograms. *p < 0.05, compared with control. PI: proliferation index. 
Data are means ± SEM; one‐way ANOVA followed by post hoc Dunnett’s multiple comparisons test and Student’s t test. CFSE; 




incubated with 1 ml solution containing 50 µg/ml PI, and 0.5 µg 
RNase A, for 30 min, in the dark. Cell cycle distribution was assessed 
by flow cytometry using the FACSVerse Cytometer and FACSuite 
system (BD Biosciences) and the data were analyzed with FlowJo 
software (v7.6.5; Tree Star. Inc., Ashland, OR). 
 
 
2.6 | Cell motility and invasion assays—scratch 
wound healing and transwell assays 
Cell motility was investigated by scratch wound healing assays. 
Briefly, NG97, U‐251, and HeLa cells were grown in 12‐well plates 
until 90% confluence was reached. Scraped wounds were then 
made at the bottom of each well with a pipette tip. The medium 
from each well was subsequently replaced and the cells were 
treated with PnV (14 and 280 μg/ml) for 72 hr. At various time 
points (0, 24, 48, and 72 hr), the wounds were observed and 
photographed in an inverted microscope (Nikon Eclipse TS100; 
Nikon, Tokyo, Japan), equipped with a camera and using the Nikon 
ACT‐1 software package. 
Cell invasion assays were performed with transwell inserts 
with 8‐μm pore size polycarbonate membranes (Corning Inc., 
 
New York, NY). Briefly, cells in serum‐free culture medium were 
added to the upper chambers of each transwell insert. The lower 
chamber for each well contained the medium supplemented with 
20% FBS. PnV (14 and 280 µg/ml) was added to the upper 
chamber and the cells were incubated for 24, 48, and 72 hr in a 
humidified atmosphere of 5% CO2 at 37 °C. The cells that had not 
migrated were then removed from the upper face of the filters 
using cotton swabs, and the filters were fixed with 4% 
paraformaldehyde for 2min, permeabilized with methanol for 
20 min, and stained with 1% Giemsa solution for 15 min. The cells 
that had migrated to the lower surface of the filters were 
observed and counted in at least five random fields per transwell, 
using an inverted microscope (Nikon Eclipse TS100; Nikon, 
Tokyo, Japan) equipped with a camera and using the software 
Nikon ACT‐1 package. 
 
 
2.7 | Statistical analysis 
Valueswereanalyzedusingthe GraphPad Prismsoftwarepackage, v. 5.0 
(GraphPad, San Diego, CA). The level of significance was analyzed using 
one‐wayanalysisof variance(ANOVA) followed by Dunnett’smultiple 








FIG U RE 4 Proliferation test in glioblastoma (U‐251) cells, using the carboxyfluorescein succinimidyl ester probe. 14 µg/ml of venom 
significantly reduced cell proliferation after 72 hr. High venom concentration (280 µg/ml) stimulated cell proliferation after 24 hr (a). (b,c) 
Representative histograms. *p < 0.05 and ***p < 0.001, compared with control. Data are means ± SEM; one‐way ANOVA followed by post hoc 
Dunnett’s multiple comparisons test and Student’s t test. PI: proliferation index; PnV: Phoneutria nigriventer venom [Color figure can be viewed 
at wileyonlinelibrary.com] 
 
comparisons test. Unpaired Student’s t tests were used to compare each 
treatment with the control. Error bars show the standard error of the 
mean (SEM). p < 0.05 indicated statistical significance. 
 
3 | RESULTS 
 
3.1 | Quality and reproducibility of venom 
As shown in Figure 1,  HPLC  demonstrated  that  there  was 
no significant difference between the two extracted venom samples. 
 
3.2 | PnV decreased the viability of all tumor cell 
lines studied, but did not affect fibroblast viability 
The treatment of glioma (NG97) cells with 14 and 280 µg/ml PnV 
significantly decreased viability at 1, 5, and 24 hr, compared with the 
control (Figure 2a). Treatment with PnV 280 µg/ml induced a more 
significant decrease (p < 0.001) than treatment with 14 µg/ml 
(p < 0.05). However, there were no statistically significant differences 
when the two concentrations were compared with one another. 
The viability of glioblastoma (U‐251) cells also decreased after 
exposure to both concentrations of PnV (Figure 2b), in comparison with 
the control. Treatment with 14 µg/ml induced a decrease in cell viability 
at 1, 5 (p < 0.001), and 24 hr (p < 0.01), whereas 280 µg/ml had a delayed 
effect, whichwassignificantonly at 5 (p<0.01) and 24hr (p<0.001). 
The viability of the cervix adenocarcinoma (HeLa) cells also 
decreased when treated with venom at both concentrations 
(Figure 2c). However, PnV 14 µg/ml induced a significant reduction 
in viability only at 24 hr (p < 0.05), while PnV 280 µg/ml induced such 
a reduction at 5 and 24 hr (p < 0.05). These data indicate that the 
venom molecules have some selectivity for glial cell‐derived tumors. 
Interestingly, the venom did not decrease fibroblast viability 
(L929; Figure 2d). On the other hand, both concentrations (p < 0.05 
and <0.001 for 14 and 280 µg/ml, respectively) induced an increase 
in cell viability at 24 hr. 
 
 
3.3 | Venom altered the proliferation of tumor cells 
Analysis of CFSE probe decay revealed that at 280 µg/ml the venom 
decreased glioma (NG97) cell proliferation, and that this alteration 
was significant after 72 hr (p < 0.05; Figure 3), although there was no 
such change at 14 µg/ml. The 14 µg/ml venom also failed to alter the 
proliferation of glioblastoma (U‐251) cells at 24 hr, but proliferation 
wassignificantlydecreased after 72 hr (p < 0.05). Interestingly, a high 








FIG U RE 5 (a) Proliferation test in cervix adenocarcinoma (HeLa) cells using the CFSE probe. A high concentration (280 µg/ml) of venom 
decreased cell proliferation at 24 and 72hr. (b,c) Representative histograms. *p<0.05 and **p<0.01, compared with control. Data are 
means±SEM; one‐way ANOVA followed by post hoc Dunnett’s multiple comparisons test and the Student t test. CFSE: carboxyfluorescein 
succinimidyl ester; PI: proliferation index; PnV: Phoneutria nigriventer venom [Color figure can be viewed at wileyonlinelibrary.com] 
 
concentration of venom (280 µg/ml) stimulated the proliferation of 
the U‐251 cells after 24 hr (p <0.001) and had no effect after 72 hr 
(Figure 4). Treatment withahighconcentration (280 µg/ml) ofvenom 
(Figure 5) also decreased the proliferation of the cervix adenocarci- 
noma (HeLa) cells at 24 and 72 hr (p < 0.01 and <0.05, respectively), 
while a low concentration (14 µg/ml) had no significant effect. 
As the crude venom was able to induce cellular proliferation of 
glioblastoma, and this could pose a problem for clinical use, experiments 
with venom fractions were performed. The venom was separated into 
three fractions (high weight fraction F1—weight above 10 kDa, 
intermediate fraction F2—between 3 and 10kDa, and fraction F3— 
lower than 3kDa; Figure 6a). Cells exposedto F1 (10μg/ml) for 24hr 
showed a significant decrease in proliferation (p < 0.05). On the other 
hand, F3 significantly stimulated cell proliferation at 0.1 and 1 μg/ml 
(p < 0.05). F2 did not induce statistically significant changes (Figure 6b). 
 
3.4 | PnV induced cell death (necrosis and 
apoptosis) in tumor cell lines, most significantly in the 
glioblastoma (U‐251) cells 
After 1 hr of treatment with a high concentration of PnV (280 µg/ml), the 
number of necrotic NG97 cells increased significantly (p < 0.01), while a 
low concentration (14 µg/ml) increased the number of early apoptotic 
cells (p < 0.05). Treatment with 14 µg/ml PnV for 1 hr reduced the 
number of late apoptotic–necrotic cells (p < 0.05), probably due to early 
induced death (Figure 7a). The venom did not induce apoptosis or 
necrosis in the NG97 cells after 5 and 24 hr (Figure 7b and c, 
respectively). In contrast, after 5hr, a high concentration of PnV 
decreased the number of early apoptotic cells (Figure 7b). Treatment of 
glioblastoma (U‐251) with 14 µg/ml of PnV for 1 hr (Figure 8a) 
significantly increased the number of necrotic and early apoptotic cells 
(p < 0.05), whilethepercentage of lateapoptotic–necroticcellsdecreased 
(p<0.05). After 5hr (Figure 8b), PnV 14µg/ml the number of necrotic 
cellscontinued to increase(p < 0.05) while PnV 280µg/ml augmentedthe 
late apoptotic–necrotic cells (p < 0.05). After 24 hr(Figure 8c), PnV 
280 µg/ml continued to increase the late apoptotic–necrotic cells 
(p < 0.01) while PnV 14 µg/ml reduced the percentage of the early 
apoptotic cells (p < 0.01). 
 
3.5 | PnV accumulated the glioma (NG97) cells in 
the G0–G1 phase of the cell cycle, while increasing 
the percentage of glioblastoma (U‐251) cells in the 
S and G2 phases 
Treatment of the glioma (NG97) cells for 1 hr with a low concentration 
of PnV (14 µg/ml) significantly increased the number of cells in the 








FIG U RE 6 (a) Stages ofthe first fractionation of PnV. This procedure consists in separating the fractions by molecular mass using 
molecular filters with nominal separation at 10 and 3kDa. Thus, three fractions were obtained: HW =high weight, above 10 kDa (F1); 
IW = intermediate weight, molecules between 3 and 10 kDa (F2); LW = low weight less than 3 kDa (F3). (b) Proliferation test (by CFSE 
probe) on glioblastoma cells (U‐251) at 24 hr of treatment. At this time, 10 μg/ml F1 significantly decreased cell proliferation compared 
with the control. On the other hand, 0.1 and 1 μg/ml F3 induced significant proliferation. Representative histograms are shown below the 
graph. *p < 0.05 and ***p < 0.001, compared with control. CFSE: carboxyfluorescein succinimidyl ester; PI: proliferation index; PnV: 
Phoneutria nigriventer venom [Color figure can be viewed at wileyonlinelibrary.com] 
 
G0–G1 phase ofthe cell cycle, in comparison with the control cells 
(p < 0.05), suggesting that venom inhibits the cell cycle. The same 
concentration increased the number of cells in the S phase, while 
reducing them in G2 (p< 0.05 and <0.01, respectively; Figure 9a). The 
venom did not alter significantly the percentage of cells in the phases 
of the cell cycle after 5 and 24 hr of treatment (Figure 9b,c). 
PnV did not change the cell cycle of glioblastoma (U‐251) cells 
after 1 hr of exposure (Figure 10a). However, after 5 hr, PnV 
280 µg/ml reduced the percentage of cells in G0–G1 and 
increased the number of cells in S and G2, in comparison with 
the control cells (p < 0.05). The low concentration of PnV also 
increased the percentage of cells in the S phase (p < 0.05; 
Figure 10b). After 24 hr of exposure to venom, the concentration 
of 280 µg/ml still significantly reduced the number of cells in 
G0–G1 and increased such cells in the G2 phase (p < 0.05; 
Figure 10c). 








FIG U RE 7 Annexin V–propidium iodide apoptosis–necrosis assay in glioma (NG97) cells. (a) After 1 hr of treatment, PnV (280 µg/ml) 
increased the percentage ofnecrotic cells, while the low concentration (14 µg/ml) increased the early apoptotic cells and decreased 
the late apoptotic–necrotic cells. (b) After 5hr, treatment with PnV 280 µg/ml decreased the percentage of the early apoptotic cells. 
(c) No significant results were observed after 24 hr of exposure to PnV. To the right of panels (a), (b), and (c), the representative 
dot plots are shown. *p < 0.05 and **p < 0.01, compared with control. Data are means± SEM; one‐way ANOVA followed by post hoc 
Dunnett’s multiple comparisons test and Student’s t test. PnV: Phoneutria nigriventer venom [Color figure can be viewed at 
wileyonlinelibrary.com] 








FIG U RE 8 Annexin V–propidium iodide apoptosis–necrosis assay in glioblastoma (U‐251) cells. (a) After 1 hr of treatment, PnV 
14 µg/ml increased the percentage of the necrotic and early apoptotic cells, while reducing the late apoptotic–necrotic cells. (b) After 5 hr, 
treatment with PnV 14 µg/ml continued to increase the percentage of the necrotic cells, and PnV 280 µg/ml induced an increase in the late 
apoptotic–necrotic cells. (c) After 24 hr, the venom (280 µg/ml) continued to increase the quantities of the late apoptotic–necrotic cells, 
and PnV 14 µg/ml reduced the percentage of the early apoptotic cells. To the right of the panels, representative dot plots are shown. 
*p < 0.05 and **p < 0.01, compared with control. Data are means ± SEM; one‐way ANOVA followed by post hoc Dunnett’s multiple 
comparisons test and Student’s t test. PnV: Phoneutria nigriventer venom [Color figure can be viewed at wileyonlinelibrary.com] 








FIGURE 9 Cellcycle distributionofglioma (NG97) cells.(a) After 1hrofPnV exposureat 14µg/ml,the percentage ofcellsinthe G0–G1and 
S phases of the cell cycle increased, while the cells in G2 decreased. (b,c) The venom did not significantly alter the percentage of cells in each 
phase of the cell cycle after 5 and 24 hr of treatment. To the right of the panels, the representative histograms were presented. *p < 0.05 and 
**p< 0.01, compared with control. Data are means±SEM; one‐way ANOVA followed by post hoc Dunnett’s multiple comparisons test and 
Student’s t test. PnV: Phoneutria nigriventer venom 
3.6 | PnV impaired cell migration and invasion in all 
tumor cell lines tested 
The wound healing test showed that the untreated NG97 cells 
(control) began to close the wound after 24 hr, and completely closed 
it after 48 and 72 hr (Figure 11a–d). However, cells treated with 
venom at both concentrations failed to close the wound, even after 
72 hr (Figure 11e–l). The migration of the glioblastoma (U‐251) cells 
was slower than those of the NG97 cell line. After 48 hr the 
untreated (control) U‐251 cells started to close the wound, which 
 
remained open even after 72 hr (Figure 12a–d). The cells treated 
with venom at both concentrations failed to close the wound, which 
remained around 10% closed after 72hr. Cervix adenocarcinoma 
(HeLa) cells also migrated slowly. The control cells began to close the 
wound at 24 hr, had closed it only by around 20% after 48hr, and 
even after 72 hr it remained open (Figure 13a–d). Treatment with 
PnV delayed closure. Cells treated with PnV started to close the 
wound after 48 hr and it remained open after 72 hr. 
The transwell invasion test was performed on the NG97 and 
U‐251 cell lines. The assay showed that, at 24 hr, significantly more 








FIG U RE 10 Cell cycle distribution of glioblastoma (U‐251) cells. (a) PnV did not change the cell cycle after 1hr of exposure. (b) After 
5hr, PnV 280 µg/ml decreased the percentage ofcells in the G0–G1 phase and increased the cells in S and G2. The low concentration of 
PnV also increased the percentage of cells in the S phase. (c) After 24 hr of exposure to the venom, the concentration of 280 µg/ml 
continued to significantly reduce the cells in G0–G1 and increase them in the G2 phase. To the right of the panels, the representative 
histograms are shown. *p < 0.05, compared with control. Data are means ± SEM; one‐way ANOVA followed by post hoc Dunnett’s multiple 
comparisons test and Student’s t test. PnV: Phoneutria nigriventer venom 








FIGURE 11 Scratch woundhealingmotility test onglioma(NG97) cells. (a–d) Control cells.After 24hr ofexposure to thevenom,thecells 
began to close the wound and after 48 and 72 hr it was completely closed. (e–l) Cells treated with venom in both concentrations failed to close 






FIG U RE 12 Scratch wound healing migration test in glioblastoma (U‐251) cells. (a–d) Control cells. After 48 hr, the cells began to close the 
wound, which remained open even after 72 hr. (e–l) Cells treated with venom at both concentrations failed to close the wound, even after 72 hr. 
Scale bar = 50 µm 








FIGURE 13 Scratch woundhealing motility test in cervixadenocarcinoma (HeLa) cells. (a–d) Controlcells. After 24hr, the cellsstarted to 
close the wound although after 72 hr it remained partially open. (e–l) Cells treated with venom at both concentrations failed to close the wound, 
even after 72 hr. Scale bars = 50 µm 
 
NG97 control cells (Figure 14a–c) migrated to the lower surface of 
the membrane, in comparison with the cells treated with PnV at 
both concentrations (Figure 14d–f to 14 μg/ml and Figure 14g–i to 
280 μg/ml; p < 0.05). After 48 hr of treatment, both concentrations of 
PnV continued to reduce the number of migrating cells (p <0.05, 
14 μg/ml and p < 0.01, 280 μg/ml). At 72 hr exposure to PnV, only the 
high concentrations of venom significantly reduced the number of 
cells in the lower surface of the membrane (p < 0.01). See graph (j) in 
Figure 14 for statistical comparison (Figure 15) 
The glioblastoma (U‐251) cells also exhibited a reduction in the 
number of migrating cells after exposure to PnV. At 24 hr, cells 
treated with PnV at both 14 and 280 µg/ml, migrated in significantly 
lower amounts than the control (p < 0.05 and <0.01, respectively). At 
48 and 72 hr, low PnV concentration did not significantly modify cell 
migration, while a high concentration reduced migration at both 
times (p < 0.01 and <0.05, respectively). 
 
 
4 | DISCUSSION 
 
Cancer is a complex disease, the mechanisms of which involve DNA 
mutations and alterations in various signaling pathways. As a result, 
the behavior ofthe cells is modified, becoming invasive and witha 
high capacity for survival and proliferation. It has been shown that 
agents capable of modulating multiple specific targets can offer a 
greater balance between therapeutic efficacy and safety than single‐ 
targeted agents, especially in complex diseases such ascancer 
(Anighoro et al., 2014; Azmi & Mohammad, 2014; Espinoza‐Fonseca, 
2006; Ravikumar & Aittokallio, 2017). The current study showed that 
P. nigriventer spider venom possesses molecules capable of altering 
various cancer hallmarks, including cell survival–death, proliferation, 
the cell cycle, and migration–invasion. These findings suggest that the 
venom is a source of multitargeting molecules that can be used as a 
prototype for anticancer drugs. In addition, the results of the current 
study demonstrate that the PnV molecules have different effects or 
mechanisms on different tumor cell lines. 
The major components of most spider venoms are small and 
stable disulfide‐bridge peptides (Pineda, Undheim, Rupasinghe, 
Ikonomopoulou, & King, 2014), which are reported to exhibit high 
specificity and affinity for molecular targets of therapeutic impor- 
tance (see review by Rapôso, 2017). The combination of bioactivity 
and stability makes spider venom peptides valuable candidates for 
exploration as pharmacological tools (Pineda et al., 2014). The PnV 







(Gomez, Kalapothakis, Guatimosim,& Prado, 2002). Aprevious study 
by our group showed that, in culture, PnV induces a Ca
2+‐mediated 
response, modifies stress fibers and F/G‐actin balance, and induces 




+‐ATPase (involved in the development and progres- 
sion of many cancers; Einbond et al., 2008; Rapôso et al., 2016), and 
PTEN (phosphatase and tensin homolog deleted on chromosome 10 
—a tumor‐suppressor protein and an important mutated protein in 
many types of cancer; Rapôso et al., 2012). Taken together, these 
data suggest that the venom contains peptides that could target 
glioma cells. In fact, the recently published preliminary data from our 
research group demonstrated that PnV decreased the cell viability of 








FIG URE 14 Transwell invasion test on glioma (NG97) cells. (a–c) Migration at 24 hr after treatment. The exposure to PnV, both 14µg/ml 
(b) and 280 µg/ml(c), significantlyreduced the numberof cells migratingthroughthe membrane, in comparisonwith the control (a). (d–f) After 48 hr 
of PnVtreatment, the venom also decreasedmigration at both concentrations. (g–i) After 72hr, only cellstreatedwith highdosesofvenom 
(i) exhibited a significant reduction in migration, compared with control (g). (j) Graph showing the number of migrating cells. *p < 0.05, **p < 0.01, 
and ***p < 0.001, compared with control. Data are means ± SEM; one‐way ANOVA followed by post hoc Dunnett’s multiple comparisons test and 
Student’s t test. Scale bar = 50 µm. PnV: Phoneutria nigriventer venom [Color figure can be viewed at wileyonlinelibrary.com] 
 
human glioma (NG97) cells (Rapôso, 2017). These preliminary 
experiments led us to further investigate the antitumor effects of 
PnV on glioma, glioblastoma, and cervix adenocarcinoma cell lines 
(this last cell line was used to investigate whether the venom would 
be selective for glial tumors). 
The results showed that PnV decreased the viability of human 
glioma (NG97), glioblastoma (U‐251), and cervix adenocarcinoma 
(HeLa) cells. To understand the mechanism by which the venom 
decreased cell viability, tests were performed to evaluate prolifera- 
tion, cell cycle, and cell death. Assays using the CFSE probe showed 
that the venom decreased the proliferation of all the tumor cell lines 
studied. The greatest peculiarity of cancer cells is their ability to 
sustain chronic proliferation, leading to the formation of abnormal 
tissue. Normal tissues regulate and properly control cell growth, 
ensuring homeostasis of cell numbers, and the maintenance of 
normal tissue architecture and physiology. In tumor cells, however, 








FIG U RE 15 Transwell invasion test on glioblastoma (U‐251) cells. (a–c) After 24 hr of treatment with PnV at both doses (b, c), cell migration was 
reduced in comparison with the control (a). (d–e) After 48 hr, only cells treated with PnV 280 µg/ml (f) exhibited reduced migration, compared with 
control(d). (g–i) 72 hr afterexposure to PnV, the low concentrations of venom(h) did not inducesignificant changes in cellmigration, whereasthe cells 
treated with the high concentration (i) were still significantly less able to migrate than the control (g). (j) Graph showing the number of migrating cells. 
*p< 0.05, **p<0.01, and ***p<0.001, comparedwithcontrol. Dataare means± SEM; one‐way ANOVAfollowed by post hoc Dunnett’smultiple 
comparisonstest and Student’s t test. Scalebars=50µm. PnV: Phoneutrianigriventer venom[Color figure can be viewed at wileyonlinelibrary.com] 
 
due to the deregulation of the signaling events, cell growth occurs 
abnormally (Hanahan & Weinberg, 2011). The present results 
showed that molecules present in the venom can control the 
proliferation of tumor cells. Interestingly, however, the venom did 
not reduce the viability of nontumor cells (fibroblasts—L929), but 
increased them within 24 hr of treatment. In addition, the venom 
enhanced the proliferation of glioblastoma cells after 24 hr, 
representing a possible problem for the clinical use of drugs 
developed from the venom. Therefore, we hypothesized that some 
components of the venom could target cells, inducing proliferation. 
The results showed that while F1 decreased the proliferation of 
tumor cells, F3 stimulated it. These results confirm that some 
molecules present in the venom inhibit the proliferation of tumor 
cells, while others stimulate the same. This may explain the results 
demonstrated hereusingcrudevenom. Sincearthropod venoms area 
complex mixture of molecules, it is predictable that only a few of 





them (or a specific one) will have the desired effect. For drug 
development, the prototype of the PnV molecule will be selected 
from the fraction that inhibits cell proliferation. Agreeing with data 
that showed that PnV reduced the proliferation of NG97 cells, the 
venom increased the percentage of these cells in the G0–G1 phase of 
the cell cycle, while reducing the cells in G2, suggesting the ability of 
thevenom to inhibit the progression ofthe cell cycle. The mechanism 
of this effect will be further investigated. It is possible that the venom 
modulates cyclins, cyclin‐dependent kinases (CDKs) and CDKs 
inhibitors (CDKIs), such as p27 and p21, which often mutate into 
cancer cells, leading to uncontrolled proliferation (Kim & Zhao, 
2005). The involvement of the PI3K/Akt/mammalian target of the 
rapamycin (mTOR) signaling cascade in the PnV mechanism will also 
be investigated, as this is one of the most important pathways 
involved in tumor growth (Hambardzumyan, Becher, & Holland, 
2008). Corroborating with the effect of PnV, venoms and toxins of 
several spider and scorpion species target cell cycle and thus have a 
capacity to reduce the proliferation of cancer cells (Gao et al., 2009; 
Li, Li, Zhao, Yuan, & Mao, 2014; Wang et al., 2012; for a full review 
see Rapôso, 2017) 
Interestingly, current results have shown that glioblastoma 
(U‐251) cells induced the reduction of cells in the G0–G1 phase of 
thecellcycle, whileincreasing cells in the Sand G2 phases, after 5 and 
24 hr of PnV treatment. The data suggest that the venom molecules 
stimulate the cell cycle in this cell line. This result corroborates data 
obtained here using the CFSE probe, which showed that the 
proliferation of U‐251 cells increased after 24 hr of exposure to PnV. 
PnV increased the number of necrotic and early apoptotic glioma 
(NG97) cellsafter 1hrofexposure,but didnot haveaneffectafter5 
and 24 hr. On the other hand, the venom increased necrotic and/or 
necrotic–late apoptotic glioblastoma (U‐251) cells after 1, 5, and 
24 hr of exposure. These data suggest that PnV reduces the viability 
of U‐251 cells primarily through cell death, whereas venom reduces 
the viability of NG97 cells primarily by inhibiting the cell cycle and 
inducing necrosis and apoptosis only in the early stages. The 
mechanism by which PnV induces apoptosis–necrosis is currently 
under investigation. 
Gliomas are highly invasive tumors (Castro et al., 2011) that migrate 
to and invade normal brain substance (Chen, Chou, Ding, & Wu, 2014), 
which may limit the success of some therapies. The results of the current 
study show that thevenom inhibitscellmigration, delayswound closure 
and decreases the number of migrating cells through the transwell 
membrane. All the tumor cell lines tested (NG97, U‐251 and HeLa) 
reduced migration when treated with venom. Changes in the cytoske- 
leton and the pathways that regulate its components are related to 
increased cellular motility (Kitambi et al., 2016). As PnV changes the 
cytoskeleton of astrocytes, it is possible that the venom reduces the 
migration of tumor cells by targeting the cytoskeletal proteins or the 
pathways that regulate them. 









channels (Bai et al., 2015; Ernest, Weaver, Van 
Duyn, & Sontheimer, 2006; Fioretti et al., 2006) is altered in different 
types of cancer. Recent investigations suggest that tumor cells use 
ion channels to support their atypical growth, cell adhesion, 
interaction with the extracellular matrix and invasion, rapidly 
adjusting the cell morphology and volume (Bai et al., 2015; Ernest 
et al., 2006; Fioretti et al., 2006; McFerrin & Sontheimer, 2006; 
Ransom, O’Neal, & Sontheimer, 2001). Since it is known that peptides 
from PnV block ion channels, this may be a possible mechanism of 
the antitumor–antimigration effects ofvenom. 
Although the effects of the crude venom on the astrocyte 
cytoskeleton have been demonstrated previously (Rapôso et al., 
2016), it is possible that the purified peptides are more specific for 
the cancer cells. Experiments using isolated venom molecules are 
underway, and pure peptides with effects on cancer cells will be 
tested on astrocytes and neurons. In addition, recent (unpublished) 
results from our group showed that systemic administration of total 
venom (100 μg/kg i.p., once a day, for 2 weeks) in xenograft mice did 
not induce clinical signs of intoxication/toxicity, suggesting that, at 
that dose, the venom did not induce considerable toxicity in normal 
astrocytes. 
It is important to mention that the results of the current study 
suggest that the effects of venom do not depend on the concentra- 
tion. A 20 times greater concentration (280 µg/ml) of PnV was not 
significantly more efficient than 14 µg/ml in terms of its antitumor 
effects. It can be inferred that the venom acts through a receptor 
which may become saturated. Another important point is that PnV 
permeates the BBB, which is an obstacle for the treatment of brain 
tumors (Frosina, 2016). To find the molecule responsible for the 
effects of the venom on the BBB and to use it in combination with 




5 | CONCLUSION 
 
In conclusion, this first in vitro screening of the antitumor effects of 
PnV shows that the venom is a potential source for drug candidates 
for the treatment of cancer. The present results indicate that PnV 
can be composed of peptides which are highly selective for the 
multipletargets involved inseveral key hallmarksofcancer. Although 
the nonglial tumor cell (HeLa) was less sensitive to the venom, it 
significantly affected all the tumor cell lines studied. A clinically 
relevant point is that the venom had no cytotoxic effect on normal 
cells (fibroblasts—L929). Experiments are in progress to identify the 
PnV peptides responsible for the effects shown in the current study. 
In addition, preclinical experiments areunderway to investigate if the 
venom can alter the in vivo development of the xerograph tumor and 
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Glioblastoma (GB) cells have the ability to migrate and infiltrate the normal parenchyma, 
leading to the formation of recurrent tumors often adjacent to the surgical extraction site. 
However, while most cancer drugs used and under development interfere with cell 
proliferation/survival, molecules targeting cell migration/invasion have been less explored. We 
recently showed that Phoneutria nigriventer spider venom (PnV) has anticancer effects mainly 
on the migration of human GB cell lines (NG97 and U-251). Therefore, it is necessary to 
identify the venom component(s) responsible for these antineoplastic effects and to clarify the 
underlying mechanisms. The present work aimed to investigate the effects of subfractions (SFs) 
obtained from PnV on migration, invasiveness, morphology and adhesion of GB (NG97) cells. 
The involvement of RhoA-ROCK pathway and Na+/K+-ATPase β2 (AMOG) was also 
evaluated. Results showed that two (SF1 and SF11) of twelve SFs decreased migration and 
invasion compared to untreated control cells, as demonstrated by scratch wound heling and 
transwell assays, respectively. Both SFs also altered actin cytoskeleton (shown by GFAP and 
phalloidin labeling), changed cell morphology and reduced adhesion. SF1 and SF11 increased 
ROCK expression and the inhibition of this protein abolished the effects of both subfractions 
on migration, morphology and adhesion (but not on invasion), confirming that this RhoA 
effector is involved in the mechanisms of PnV components. SF11 also increased Na+/K+-
ATPase β2; This pump may be mainly involved in the anti-invasion mechanisms. Further 

















Gliomas are the most common primary intracranial tumors and are characterized by high 
morbidity and mortality [1]. Based on the degree of anaplasia, these tumors are divided into 
four grades, where grade I is considered benign, with favorable prognosis, and grade IV is 
associated with highly malignant tumors and includes glioblastoma (GB), the most devastating 
type of glioma [2, 3]. GB accounts for 80 % of primary neoplasms and is one of the deadliest 
solid tumors of the central nervous system (CNS), leading to 225,000 deaths worldwide each 
year [4,5].  
Standard treatment usually includes surgery and chemotherapy with temozolomide [6]; 
However, studies have shown that at least 50 % of patients do not respond to this chemotherapy 
[7]. Many potential drugs for the treatment of GB have been suggested, but the causes of failure 
are unknown [4]. One possible cause involves the blood-brain barrier (BBB), which may limit 
therapeutic efficacy by preventing most anticancer agents from being released from the blood 
vessels to neoplastic cells [8]. In addition, these tumors are characterized by multiple driver 
mutations and consequent deregulated pathways, which are difficult to repair with a single 
therapy. Another potential cause of treatment failure is that GB consists of cells with a high 
capacity to infiltrate healthy tissue, making complete removal difficult by surgery [5]. 
Therefore, it is increasingly necessary to focus on the development of new therapies against 
gliomas. Finding target-oriented molecular entities to regulate migration and invasion, 
preventing the infiltration and metastasis, has been a challenge in the antineoplastic 
pharmacology. 
Natural products have greatly contributed to the history and panorama of new molecular 
entities. Patridge et al. [9], evaluated all new FDA (Food and Drug Administration) approved 
molecules, revealing that natural products and their derivatives represent more than a third of 
the new entities. Almost half of these are obtained/derived from mammals, a quarter from 
microbes and a quarter from plants. Arthropod venoms (mainly spiders and scorpions), on the 
other hand, are an underexploited source of new molecular entities. These venoms are an 
extremely complex and rich mixture of bioactive components. Its components have high 
affinity for multiple targets in the body and are currently being studied as potential prototypes 
of antineoplastic drugs based on optimized molecules [10, 11]. The venom of the South 
American spider Phonteutria nigriventer (PnV) (Ctenidae, Araneomorphae) has been shown to 
permeate the BBB and also has a particular response in astrocytes [12 – 15]. These studies lead 
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to the hypothesis that investigation of the action of PnV and its purified toxins on glioma cells 
could be promising. 
Based on these initial studies, our research group investigated the role of the crude PnV 
on viability, cell cycle, and migration of tumor cells [16]. This screening showed that the venom 
has anticancer effects mainly on human GB cell lines (NG97 and U-251). Therefore, 
considering that spider venoms are a complex mixture of molecules, it has become necessary 
to find the component(s) present in the venom responsible for these antineoplastic effects. In 
addition, the mechanisms behind these effects must be known. The present work aimed to 
investigate the effects of isolated PnV-fractions (F) and subfractions (SFs) on human GB cells, 
specifically on migration, invasiveness, morphology and adhesion. The most active SFs were 
selected and the involvement of RhoA-ROCK (Rho-associated protein kinase) and Na+/K+-





















Materials and Methods 
 
Reagents and Phoneutria nigriventer venom (PnV)  
 
All chemicals were obtained from Sigma Aldrich (St. Louis, MO), unless otherwise 
indicated. Two samples of lyophilized PnV were obtained by electrical stimulation of numerous 
adult spiders (males and females) (Sisgen #A551346). The quality and reproducibility of the 
venom were evaluated by high‐pressure liquid chromatography (HPLC). Lyophilized venom, 





The initial fractionation of the crude venom was performed by the Amicon Ultra 
Centrifugal Filter (#UFC801008; Thermo Fisher Scientific, Suwannee, GA). This procedure 
consisted of separating crude venom by molecular mass using molecular filters, generating 
three main fractions named: F1 (low weight, less than 3 kDa), F2 (intermediate weight, between 
3 and 10 kDa) and F3 (high weight, more than 10 kDa). From these, experiments were 
conducted to select the most significant fraction, considering the antineoplastic effects; Then, 
F1 and F2 were chosen and F3 was eliminated. Further purification of F1 and F2 was carried 
out: reversed phase HPLC was performed using a Shimadzu VP-ODS column, 0.1 % 
trifluoroacetic acid (TFA) as mobile phase and 90 % acetonitrile 0.1 % TFA as eluent. More 




Human GB (NG97) cells were donated by a patient from the Hospital das 
Clínicas/Universidade Estadual de Campinas (UNICAMP) and the cell line was established and 
characterized in a sequence of published studies [17 - 21]. Cells were seeded at a density of 1 
x 104 per cm2 in a 25 cm2 culture bottle and grown in Iscove´s modified Dulbecco´s medium 
(IMDM) containing 10 % fetal bovine serum (FBS) and 100 UI/ml penicillin and streptomycin 
(pH 7.4) (Gibco). Cell culture was maintained in a humidified atmosphere at 37ºC and 5 % CO2 
until semi-confluence (about 90% of total surface area). For assays, cells were transferred after 
careful scraping to 24, 48 or 96-well plates (Corning Inc., New York, NY).    
50 
 
MTT cell viability test 
 
Thiazolyl Blue Tetrazolium Bromide (MTT), whose reduction by the dehydrogenase 
enzymes to insoluble formazan is associated with cellular activity, was used to determine if SFs 
would alter cell viability. NG97 cells were seeded in 96-well plates at an initial density of 5 x 
105 cells per well and incubated for 72 h at 37 ˚C for confluence. Then, cells were treated with 
PnV (14 µg/ml) and all twelve subfractions (SF1-SF12; 1.0 µg/ml) for 24 h, while control cells 
were maintained in medium. After removal of the treatments, MTT was added to each well and 
incubated at 37 ˚C for 4 h according to the manufacturer's protocol. Thereafter, acidified 
isopropanol was added to each well to solubilize the blue formazan crystals. Absorbance at 540 
nm was determined on a Multiskan GO microplate spectrophotometer (Thermo Fisher 




In order to analyze the mechanism of PnV and its SFs on cell migration, morphology, 
and adhesion, cells were preincubated with 5 mM Y-27632 (Cayman Chemical Company - 
Michigan, USA), a ROCK inhibitor. For all assays listed below, the inhibitor was first 
reconstituted in DMSO to a concentration of 10 mM and then diluted with IMDM to final 
concentration. GB (NG97) cells were incubated with the inhibitor for one hour prior the 
treatments. Subsequently, Y-27632 was re-placed and maintained during the treatment periods 
(0, 12, 24, 48 and/or 72 h) together with PnV and SFs. A control with Y-27632 only was 
performed. 
 
Scratch-wound healing migration assay 
 
Cell motility was investigated by scratch-wound healing assay. After 90 % confluence 
in a 48 well plate (2 x 105 cells seeded per well), a scratch was made in each well with a 200 µl 
tip, followed by washing with serum-free medium to remove cells debris. The medium from 
each well was subsequently replaced and the cells were treated with PnV (14 µg/ml), fractions 
(F1, F2 and F3; 0.1, 1.0 or 10 µg/ml) and subfractions (SF1-SF12) (0.1 or 1.0 µg/ml); Controls 
remained in IMDM. The closure of the scratch area by cell migration was evaluated and 
photographed at various time points (0, 24, 48 and 72 h) by an inverted microscope (Nikon 
Eclipse TS100; Nikon, Tokyo, Japan), equipped with a camera and using the Nikon ACT-1 
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software package; or by the Cytation 5 Microplates Reader (BioTeK). Migration films (over 72 
h period) were also recorded on Cytation 5. 
 
Transwell invasion test 
 
Tumor cell invasion was investigated using transwell inserts with 5 μm pore 
polycarbonate membranes (Corning Inc., New York, NY). About 2 x 105 cells in serum-free 
culture medium (IMDM) were seeded on top of each insert. Medium supplemented with 20 % 
FBS was added to the bottom chamber of each well. Control cells were maintained only in 
serum-free culture medium; PnV (14 µg/ml) or SFs selected from scratch-wound healing results 
(SF1 and SF11 - SFs with the best migration-impairing effect; 1.0 µg/ml) were added to the 
upper chamber and incubated for 12 and 48 hours in a humidified atmosphere at 37ºC and 5 % 
CO2. Some wells received the ROCK inhibitor prior and during the treatments, as described 
above. Unmigrated cells were removed from the upper surface using cotton swabs and 
migratory cells could be visualized at the underside of the membrane. For this, the cells were 
fixed with 4 % paraformaldehyde (2 min), permeabilized with methanol (20 min), and stained 
with 1% Giemsa solution (15 min). Migrating cells were observed using an inverted microscope 
(Nikon Eclipse TS100; Nikon Tokyo, Japan) equipped with a camera and using the Nikon ACT-
1 package software. Three inserts were evaluated by treatment in at least five fields randomly 
selected per membrane. 
 
Immunofluorescence and stress fiber visualization 
 
Cell morphology and cytoskeleton were evaluated using phalloidin to selectively label 
F-actin and GFAP-immunolabeling (an astrocyte marker). NG97 cells were seeded in 48-well 
plates (1 x 105 cells per well) with IMDM. After 90 % confluence, the medium was removed 
from the wells, which received a new medium added with PnV (14 µg/ml), SF1 or SF11 (1.0 
µg/ml). Controls remained in IMDM. Some wells received Y-27632 (ROCK inhibitor) before 
and during treatments as described above. After 1, 12 and 48 h of treatments, cells were fixed 
with 4% paraformaldehyde (15 min), washed 3 times with phosphate buffered saline (PBS) and 
incubated with a permeabilization solution (0.1 % Triton X 100 in PBS) for 10 min at room 
temperature. The wells were washed with PBS and a blocking solution (1 % bovine serum 
albumin - BSA plus 0.2 % Tween 20 in PBS) was added for 1 h. The cells then received the 
phalloidin probe (1:200) in dilution solution (0.3% BSA plus 0.1% Tween 20 in PBS) for 2 h 
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at room temperature. The wells were washed with PBS and incubated overnight with anti-GFAP 
(1:500; Proteintech #16825-I-AP) in dilution solution. The following day, cells were washed 
again with PBS and incubated with CY2-conjugated secondary antibody (1:1000; Jackson 
Research) for 1 h, followed by incubation with DAPI (5 min) and then mounted with Glycerol: 





Cell adhesion was verified using the CytoSelect™ Cell Adhesion Assay kit (Cell 
Biolabs, Inc.), following the manufacturer's instructions. NG97 cells were seeded in 24-
fibronectin coated well plate (2 x 105 cells per well) and immediately exposed to PnV (14 
µg/ml), SF1 or SF11 (1.0 µg/ml). BSA-coated wells were provided as a negative control. After 
90 min (time was determinate by the manufacturer) of incubation with the treatments, each well 
was washed with PBS added with 2 mM CaCl2 and 2 mM MgCl2 (pH 7.4) and received the 
Cell Stain and Extraction Solution. Cells were then removed from each well and seeded into a 
96-well microplate to measure absorbance (560 nm) on a Multiskan GO microplate 
spectrophotometer (Thermo Fisher Scientific, Inc., Waltham, MA, USA). 
 
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and western blot 
 
After PnV (14 µg/ml), SF1 or SF11 (1.0 µg/ml) treatments for 5 h, cells were rinsed 
twice in PBS and immediately lysed for 20 min on ice in cold radioimmunoprecipitation assay 
(RIPA) (Cayman Chemical Company - Michigan, USA; #10010263) lysis buffer containing 10 
ml 250 mM Tris-HCL, pH 7.6, 750 mM sodium chloride, 5 % Tergitol (NP-40), 2.5 % sodium 
deoxycholate and 0.5 % SDS, supplemented with a protease inhibitor cocktail containing 10 
mM sodium orthovanadate minimum 90% titration and 0,1 mg/mL aprotinin – bovine lung 
solution (Calbiochem, USA and Canada; #616399). The protein content was determined using 
Bradford protein assay (Bio-Rad, Hercules, CA, USA). Standards (0-1 mg/mL BSA) and 
samples were mixed with the reagent, incubated for 15 min at room temperature, measured at 
595 nm using a Multiskan GO microplate spectrophotometer (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA). All samples were analyzed for total protein content and 40 ug of total 
protein from each sample were loaded on each gel strip. β-actin was used as a loading control. 
SDS-PAGE was conducted using 8 % (ROCK) or 12 % (AMOG) Bis-Tris gels at 200 V for 50 
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min and the separated proteins were transferred at 30 V for 60 min to a nitrocellulose membrane 
(BioRad). The membranes were rinsed twice and the proteins were blocked with nonfat skim 
milk in TBS-T (0.1% Tris-buffered saline with 0.05 % Tween 20, pH 7.4) for 60 min at room 
temperature. The membranes were probed using rabbit polyclonal anti-ROCK 1:500 
(Proteintech Group Inc) or anti-ATP1B2, β2 subunit of Na+/K+-ATPase 1:500 (Proteintech 
Group Inc) and mouse monoclonal anti-β-actin 1:5000. The membranes were then washed 4 x 
8 min with TBS-T and incubated in a horseradish peroxidase (HRP)-conjugated secondary 
antibody, either goat anti-rabbit or donkey anti-mouse diluted 1:2000 (Proteintech Group Inc), 
followed by several washes with TBS-T. All primary and secondary antibodies were diluted in 
nonfat skim milk in TBS-T (3 and 1%, respectively). The antibody-bound protein was detected 
using an enhanced chemiluminescence kit (Super Signal, Pierce, Rockford, IL, USA) and 




Values were analyzed by the GraphPad Prism software package, v. 6.01 (GraphPad, San 
Diego, CA), and the level of significance was determinate using one-way analysis of variance 
(ANOVA) followed by Dunnett’s multiple comparisons test. Error bars show the standard error 
of the mean (SEM). Unpaired Student’s t-test was used to compare each treatment with the 















Quality and reproducibility of venom 
 
As shown in Figure 1, HPLC demonstrated that there was no significant chemical 
difference between the two extracted PnV venom samples.   
 
The first PnV separation obtained three fractions (F1, F2 and F3) 
 
The procedure for separation of the crude venom into fractions was performed by 
molecular mass, using molecular filters with nominal separation at 10 and 3 kDa, according to 
Santos et al. [16]. Three main fractions were obtained: F1 (low weight, less than 3 kDa), F2 
(intermediate weight, between 3 and 10 kDa) and F3 (high weight, above 10 kDa). These 
fractions are still complex mixtures and were evaluated by the migration test to select those 
with the most significant effects on GB cells. 
 
Cell migration was delayed by treatment with F1 and F2, but not with F3 
 
The scratch-wound healing assay demonstrated that fractions F1 and F2 were effective 
in impairing GB cell migration (Figures 2 and 3, respectively). Control cells completely filled 
the scratch after 72 hours (panels A – D in figures 2 and 3). On the other hand, F1-treated cells 
were delayed and could not migrate and fill the wound even after 72 hours (panels E – P in 
Figure 2); the concentration of 1.0 µg/ml was more effective compared to 0.1 and 10 µg/ml 
(panels I – L in Figure 2). Similarly, cells incubated with F2 failed to migrate and did not fill 
the wound after 72 hours (panels E – P of Figure 3). On the other hand, F3-treated GB cells 
showed no difference compared to the control (Figure 4). Considering these results, F1 and F2 
(at 1.0 µg/ml) were chosen to continue the study and F3 was discarded.    
 
Purification of F1 and F2 by HPLC, and MTT assay using subfractions 
 
F1 and F2 were pooled and purified by HPLC. This procedure generated 12 
subfractions, called SF1 through SF12 (Figure 5 A). These PnV-components were tested for 
effects on the ability of cells to fill the scratch in the wound healing assay, as reported below. 
In addition, to confirm that the observed effects on cell migration, invasiveness and adhesion 
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were not due to a decrease in cell number by decreased cell survival, experiments were 
performed to test cell viability after exposure to PnV and SFs1 - 12. The crude venom induced 
a significant decrease in cell survival, compared to control. However, no subfraction tested 
decreased GB cell viability after 24 h of exposure, at 1.0 µg/ml (Figure 5 B).  
 
SF1 and SF11-treated GB cells failed to migrate and fill the scratch; ROCK inhibition 
abolished the effect of both toxins. 
 
A scratch-wound healing assay was performed with all 12 SFs (1.0 µg/ml) obtained 
from the separation of F1 and F2 by HPLC (Figure 6). This screening revealed that while control 
cells (Figure 6, panels A – D) completely filled the scratch after 72 h, cells treated with SF1 
(Figure 6, I - L) and SF11 (Figure 6, M - P) could not close the wound even after 72 h. On the 
other hand, cells treated with SF6 and SF7 (Figure 6, Q – T and U – Y, respectively) were 
similar to the control, filling the scratch after 72 h. The other toxins have intermediate effects 
(data not shown). Cells incubated with the crude venom (PnV), used as a control, also could 
not fill the scratch (Figure 6, panels E – H). Considering this screening, SF1 and SF11 were 
chosen to continue the study as the toxins with the best effects. Migration of untreated and 
SF11-treated cells was recorded for 72 hours and the film is available in Supplementary 
Material (Movies 1 and 2).     
To investigate the involvement of the RhoA-ROCK pathway, some wells were 
preincubated with Y-27632 (ROCK inhibitor) (Figure 7). The result revealed that, when ROCK 
was inhibited, cells treated with SF1 and SF11 (Figure 7, I – L and M – P, respectively) were 
able to almost close the scratch after 72 h, showing only a subtle difficulty in migrating. Control 
cells (Figure 4, panels A – D), treated with ROCK inhibitor only, completely filled the scratch 
after 48 h. These results indicate that the RhoA-ROCK signaling may be involved in the effects 
of SFs on cell migration. Cells incubated with the crude venom (PnV) also could fill the scratch 
when ROCK was inhibited (Figure 7 E – H). 
 
Transwell assay showed that SF1 and SF11 strongly reduced GB cell invasion; The 
inhibition of ROCK did not change this effect. 
 
The transwell invasion assay showed that untreated (control) cells were able to migrate 
to the lower membrane surface after 12 hours (Figure 8 A), while cells treated with PnV (14 
μg/ml) migrated significantly less (Figure 8 B). SF1 and SF11 (1.0 μg/ml) induced a marked 
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reduction in the number of migrant cells when compared to the control group (Figure 8, panels 
C and D). Similar results can be observed after 48 hours of the treatments (Figure 8, panels E – 
H). Statistical data are shown in Graph I and J of Figure 8. 
When cells were incubated with ROCK inhibitor alone, they were able to migrate to the 
lower surface of the membrane after 12 hours (Figure 9 A). Cells incubated with the inhibitor 
and treated with PnV (14 μg/ml) migrated significantly less than Y-27632-Control (Figure 9 
B). SF1 and SF11 (1.0 μg/ml) also showed a significant reduction in the number of migrant 
cells when compared to the Y-27632-Control group (Figure 9, panels C and D). Similar results 
were observed after 48 hours of treatments (Figure 9, panels E – H). These data indicate that 
the RhoA-ROCK pathway is not involved with the effects of SFs components on cell invasion. 
Statistical data are shown in Graphs I and J of Figure 9. 
 
Subfractions induced changes in cell morphology, as demonstrated by stress fibers labeling; 
ROCK inhibition abolished this effect. 
 
Observation of cell morphology was made by F-actin (stress fibers) (Figure 10) with 
phalloidin probe. F-actin labeling showed that there is a change in Control (untreated) cells 
morphology over time (1, 12 and 48 h). The cells appear more filamentous, becoming thinner 
and longer (see panels A – C in Figure 10). Cells treated with PnV, SF1 and SF11, on the other 
hand, had a more circular/oval appearance at baseline (1 and 12 h), becoming stellate, with 
multiple processes after 48 h of treatments (Figure 10, panels D – L). However, when ROCK 
was inhibited, this difference was not observed (Figure 11), and cells treated with PnV or SFs 
showed a similar morphological profile over time to the control. The cells were GFAP positive 
(not shown), confirming the astrocytic origin of the tumor. 
 
SF1 and SF11 decreased cell adhesion; when ROCK was inhibited, this effect was abolished.  
 
The adhesion assay was performed by seeding the same number of cells from different 
groups in a 24-well plate coated with fibronectin. The assay showed that SF1 and SF11 
significantly reduced cell adhesion compared to Control cells (Figure 12 A). Interestingly, cells 
treated with PnV showed a significantly increased adhesion, what is probably due to other 
components present in the crude venom. When ROCK was inhibited by Y-27632, the effect of 
SFs was abolished; SF1 increased cell adhesion and SF11 did not induce significant effect 
(Figure 12 B). 
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SF1 and SF11 increased ROCK and Na+/K+-ATPase β2 (AMOG) levels 
 
To clarify the antineoplastic mechanism of SFs, western blotting was performed to 
evaluate ROCK and AMOG, as these proteins are involved in regulating cell migration. Both 
SF1 and SF11 significantly increased the levels of ROCK, compared to Control (untreated) 
(Figure 13 A), suggesting that RhoA-ROCK signaling is activated by these PnV components. 
































High-grade gliomas, such as GB, are extremely aggressive brain tumors that often 
become rapidly fatal [22]. Surgical removal represents a standard treatment, increasing the 
average survival of the patient. However, GB cells have the ability to migrate and infiltrate the 
normal parenchyma, leading to the formation of recurrent tumors, frequently adjacent to the 
site of surgical extraction, being the main cause of treatment failure [5, 23]. Therefore, it is still 
necessary to develop new treatments for GB and to find molecules that decrease cell migration 
and invasion may improve prognosis after surgery. 
However, most cancer drugs used and under development interfere with cell 
proliferation, cycle and/or survival. Studies using venoms have also mainly identified 
molecules targeting these characteristics of tumorigenesis. For example, Gupta et al. [24] 
reported in vitro anti-proliferative and apoptogenic activity induced by Heterometrus 
bengalensis Koch (Scorpionidae) (Indian black scorpion) in human leukemic (U937 – 
histiocytic lymphoma and K562 – chronic myelogenous leukemia); The Macrothele raveni 
spider also induced apoptosis and cell cycle arrest in G0/G1 in human hepatocellular carcinoma 
[25]. Molecules that target cell migration and invasiveness have been less explored.  
Previous studies published by our group screened the antitumor effects of the 
Phoneutria nigriventer spider venom (PnV) on cell lines for proliferation, survival, cell cycle 
and migration, showing that the venom decreased the viability by inhibiting cell cycle and 
inducing death, and also delayed its migration [11,16]. The venom significantly affected all 
tumor cell lines studied, although the nonglioma tumor cell (HeLa – human cervical tumor line) 
was less sensitive than human GB cell lines (NG97 and U-251). A clinically relevant point is 
that the venom had no cytotoxic effect on non-tumor cells (murine fibroblasts L929). 
Considering that venoms are a complex mixture of molecules, in the present study we proceed 
with the investigation, working with isolated PnV molecules; Fractions (Fs) and subfractions 
(SFs) were tested and two SFs (SF1 and SF11) in a high degree of purification were identified 
as demonstrating the greatest effective action on migration, morphology, invasiveness and 
adhesion of GB cells. 
SF1 and SF11 delayed the migration of GB cells in the scratch wound healing assay. 
Cell migration is a highly orchestrated mechanism and, under deregulation, actively contributes 
to metastasis [26]; Ion channel activities are directly linked tumor cell migration [27, 28]. Ion 
transporters play key roles in cancer cell migration in general and in GB in particular. For 
example, K+ channel stimulation increases migration and infiltration of GB cells in vivo [29]. 
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Several studies have shown that PnV is composed of biologically active molecules. Some of 
these toxins have been isolated and characterized biochemically/pharmacologically and it is 
well established that several of these toxins block Ca2+ and K+ channels or delay Na+ channels 
inactivation [30, 31]. P/Q- and N-voltage-gated Ca2+ channel (VGCC) blockers derived from 
P. nigriventer venom have previously been shown to have antiproliferative effects, impairing 
tumor progression [32]. Also, Rapôso et al. [15] showed that this venom evoked Ca2+ transients 
from intracellular Ca2+ stores in astrocytes. Directional cell migration involves repeated cycles 
of protrusion at the front and retraction at the back of the cell [33 - 35]. Ca2+ is widely regarded 
as an important coordinator of these events [36 - 38]. Cell adhesion is another important 
phenotypic feature during GB progression and is also influenced by Ca2+ channel activity [28]. 
The detachment of cells from the primary glioma tumor mass comprises several events 
involving the destabilization and disorganization of cell-cell adhesion, as well as the loss of 
expression of neural cell adhesion molecules [39]. SF1 and SF11 may have channel blockers 
that contribute to the anti-migration effects, and this will be confirmed in a further study. 
In addition, Na+/K+-ATPase is overexpressed in a majority of GBs compared to normal 
brain tissues; This pump appears to be related to GB cell migration and invasion, rapidly 
adjusting its shape and volume as it invades the cerebral parenchyma [40]. Binding to the α1 
subunit of Na+/K+-ATPase, UNBS1450 (a cardiac steroid) impairs the migration of human GB 
U373-MG cells through a disorganization of the actin cytoskeleton [41]. In addition, several 
isoforms of the Na+/K+-ATPase β-subunit have been shown to regulate cell adhesion, 
particularly in the context of cancer progression [42 - 44]. The β2 isoform, also known as the 
adhesion molecule on glia (AMOG), plays a role in CNS cell adhesion [45, 46]. Although 
AMOG is highly expressed in normal adult CNS, evidence suggests that it can be 
downregulated or lost in most GBs [47]. Loss of AMOG has been implicated in glioma invasion 
and migration, while evidence suggests that AMOG expression in GB inhibits its invasion [48]. 
An earlier study from our group showed that PnV affects astrocytes, inducing profound changes 
in their morphology and cytoskeleton. Astrocytes showed altered actin filament structure after 
PnV exposure and the venom also increased Na+/K+-ATPase expression [15]. These results lead 
to the hypothesis that this pump, specifically AMOG, could be involved in the effect of SF1 
and SF11 on GB cell migration and invasion. Indeed, it was demonstrated in this work that 
SF11 (but not SF1) induced a significant increase in AMOG expression, suggesting that this 
pump may be involved in the anti-invasive mechanism of these components.   
Although AMOG is an important regulator of invasiveness, migration can be modulated 
by other mechanisms, including a Rho-dependent cascade. The Rho pathway is believed to 
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induce adhesions focused on stimulating contraction through MLC phosphorylation [49]. This 
effect is mediated by the effector Rho-associated serine/threonine kinase ROCK [50]. Rho 
activates ROCK, which elevates MLC phosphorylation, increasing myosin activation [51]. In 
addition, normal stress fiber formation involves ROCK signaling [52]. Both SF1 and SF11 
increased ROCK levels, suggesting that their components activated this pathway. In addition, 
inhibition of ROCK by Y-27632 abolished most effects of SFs.  
Studies show that RhoA-ROCK signaling and consequent modulation of the 
cytoskeleton in cancer cells may be involved in regulating cell migration and metastasis [53]. 
Nutt et al. [54] showed that Rho-GTPases genes are highly correlated with glioblastoma. RhoA 
and RhoB expression was significantly reduced in astrocytic tumors and their levels were 
inversely proportional to tumor grade, ie, lower expression was associated with a higher grade 
and therefore a more aggressive neoplasm [55]. It has been shown that Rho is rapidly activated 
following the fixation of malignant astrocytoma cells on the substrate and that Rho activation 
is responsible for the morphological changes of these fixed cells [56]. Glioblastoma cells with 
increased RhoA activity are characterized by impaired cell migration due to the induction of 
profound morphological changes, including actin reorganization into stress fibers and the 
induction of focal adhesions [57]. These changes, mainly related to RhoA activity, make the 
cells immobile [58]. Furthermore, in human GB cells, ROCK activation decreases cell mobility 
[59], while ROCK inhibition results in increased migration [60, 61].  
Therefore, as SFs increased ROCK expression and considering that the inhibition of this 
RhoA effector abolished the effects of SFs on GB cell migration, morphology and adhesion, it 
is clear that ROCK is involved in the mechanism of these components. Interestingly, transwell 
invasion was the only effect not abolished by ROCK inhibition. It have been shown that GB 
cells with AMOG expression restored again by an overexpression vector exhibited a drastically 
reduced invasion, but there was no difference in migration or proliferation compared to control 
cells [48]. Probably the mechanism behind the effect of SFs on GB cell invasion is prominently 
regulated by AMOG. 
In conclusion, this study demonstrated that components present in purified PnV 
subfractions (SF1 and SF11) decreased migration and invasion, which is probably a 
consequence of impaired cell morphology/cytoskeleton and adhesion. The mechanisms behind 
these effects involve Na+/K+-ATPase β2 (AMOG) and RhoA-ROCK signaling. Other studies 
are being conducted to characterize the molecules present in SF1 and SF11. This paper is the 
third in a series of studies focused on the development of a new pharmacological formulation 
for the treatment of glioblastoma. 
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Figure 1. The PnV profile obtained by high – pressure liquid chromatography (HPLC) showed 
that there were no relevant differences between the two pooled venom samples used in this 






Figure 2. Migration assay by scratch-wound healing on F1-treated glioblastoma (NG97) cells. 
A – D: Control (untreated cells); 72 h after the scratch, it was completely closed. E – H: When 
exposed to F1 at 0.1 µg/ml, the cells showed a delay in the wound closure, filling it only after 
72 h. I – L: Cells treated with F1 (1.0 µg/ml), showed the most relevant delay in wound closure 
and did not fill the scratch even after 72 h. M – P: F1 at 10 µg/ml also induced a delay in wound 





Figure 3. Migration assay by scratch-wound healing on F2-treated glioblastoma (NG97) cells. 
A – D: Control (untreated cells); 72 h after the scratch, it was completely closed. When exposed 
to F2 at 0.1 µg/ml (E – H), 1 µg/ml (I – L) and 10 µg/ml (M – P), the cells showed a delay in 







Figure 4. Migration assay by scratch-wound healing on F3-treated glioblastoma (NG97) cells. 
A – D: Control (untreated cells); 72 h after the scratch, it was completely closed. No difference 
was observed in cells exposed to F3 at 0.1 (E – H), 1.0 (I – L) and 10 µg/ml (M – P) compared 





Figure 5. (A) Purification of F1 and F2 by high – pressure liquid chromatography (HPLC). 
This procedure generated twelve subfractions, named SF1 to SF12. (B) Cell viability assay 
(MTT) performed after 24 h of PnV and SF1-SF12 exposure. The subfractions (1.0 µg/ml) did 
not induce change in the viability of glioblastoma (NG97) cells viability. Only de crude venom 
(PnV) induced a decrease, compared to control. All toxins were used at 1.0 μg/ml. PnV (14 
μg/ml) promoted a subtle decrease of cell viability (not significant). **P<0.01, compared to 







Figure 6. Migration assay by scratch-wound healing on SF1 – SF12-treated glioblastoma 
(NG97) cells. A – D: Control Cells. The cells began to close the wound after 24 hours and after 
72 hours it was completely closed. E – H: Cells treated with PnV (14 µg/ml) showed a delay to 
fill the scratch, which was not closed until 72 h. I – P: Cells incubated with SF1 and SF11 (1.0 
µg/ml) also have failed to close the wound even after 72 h. Q – Y: Cells treated with SF6 and 





Figure 7. Migration assay by scratch-wound healing on PnV and SFs-treated glioblastoma 
(NG97) cells, with inhibition of ROCK. A – D: Control Cells. The cells began to close the 
wound after 24 hours and after 48 hours it was completely closed. Cells treated with PnV (14 
µg/ml) (E – H), SF1 (I – L), SF11 (M – P), SF6 (Q – T) and SF7 (U – Y), all at 1.0 µg/ml, 





Figure 8. Transwell invasion test on glioblastoma (NG97) cells after 12 and 48 h of treatment. 
A and E – Cells maintained in medium (Control); B and F – Cells treated with PnV at 14 μg/ml. 
C and G: Cells incubated with SF1 (1.0 μg/ml); D and H – Cells incubated with SF11 (1.0 
μg/ml). Note that cells treated with PnV and SFs showed a significant reduction in the number 
of migrating cells (both 12 and 48 h), in comparison with the control. Graphs I and J present 
the statistical comparison. Bars = 50 µm. 
   
 
 
Figure 9. Transwell invasion test on glioblastoma (NG97) cells after 12 and 48 h of treatments. 
Cells received a ROCK inhibitor prior and during the treatments. A and E – Cells maintained 
in medium (Control); B and F – Cells treated with PnV at 14 μg/ml. C and G: Cells incubated 
with SF1 (1.0 μg/ml); D and H – Cells treated with SF11 (1.0 μg/ml). Note that, even when 
ROCK was inhibited, cells treated with PnV, SF1 and SF11 showed a significantly reduction 
in the number of migrating cells (both 12 and 48 h) compared to Control. Graphs I and J present 




Figure 10. Phalloidin probe labelling on glioblastoma (NG97) cells 1, 12 and 48 h after 
treatments. Note that Control (untreated) cells (A – C) showed a morphological change over 
the time, becoming longer and thinner. PnV, SF1 and SF11 (D – F, G – I and J – L, respectively) 
induced a different morphology (arrows), with rounder cells at the beginning, which become 







Figure 11. Phalloidin probe labelling on glioblastoma (NG97) cells (with ROCK inhibition) 1, 
12 and 48 h after treatments. Note that Control (untreated cells; A – C) showed a morphological 
change over the time, becoming longer and thinner. PnV (D – F) and all toxins (SF1, G-I and 
SF11, J-L) had no effects, inducing the same morphological profile observed in Control cells. 






Figure 12. Cell Adhesion assay in glioblastoma (NG97) cells. (A) SF1 and SF11 significantly 
reduced cell adhesion, compared to Control cells. PnV induced an increase in the number of 
adherent cells. (B) Under ROCK inhibition, SF1 significantly increased cell adhesion and SF11 
did not induce significant effect compared to Control cells; PnV induced a decrease in the 
number of adherent cells. Wells without fibronectin were used as a negative control and showed 









Figure 13. ROCK and Na+/K+-ATPase expression assessed by Western blotting. The 
expression of ROCK was significantly increased after 5 h of both treatments (SF1 and SF11) 
(A). The expression of Na+/K+-ATPase (AMOG) was significantly increased after 5 h of 


















DISCUSSÃO GERAL   
 
 
Os tratamentos contra tumores cerebrais primários, incluindo os gliomas, oferecem 
grandes dificuldades. Normalmente, durante o tratamento, os pacientes são acompanhados para 
verificar complicações, que incluem sangramento intracraniano, infecção sistêmica, depressão, 
piora do estado neurológico, bem como diversos outros efeitos adversos provenientes de reação 
medicamentosa (ÁLVAREZ-SATTA & MATHEU, 2018).  A heterogeneidade molecular do 
tumor também pode torná-lo resistente à quimioterapia. Ademais, sua capacidade de invadir o 
tecido cerebral saudável leva muitas vezes à recorrência do tumor, adjacente ao local da 
remoção cirúrgica, sendo provavelmente um dos maiores obstáculos à cura (GOSH et al., 2018; 
CUDDAPAH et al., 2014). Essa invasividade compreende uma das características dos cânceres, 
proposta por HANAHAN & WEINBERG (2011). Nesse sentido, pensar em melhores 
possibilidades terapêuticas para esses pacientes torna-se cada vez mais necessário.  
Estudos que analisam o uso de terapia combinada, direcionada a diferentes alvos, 
mostram que esses tratamentos se tornam cada vez mais promissores no combate ao câncer, 
incluindo os tumores cerebrais. Fármacos combinados, que têm como alvo diferentes vias, são 
administrados em doses relativamente menores, ajudando a minimizar a resistência aos 
medicamentos, bem como diminuir os efeitos colaterais do paciente (GOSH et al., 2018). Uma 
proposta promissora relacionada às terapias alvo direcionadas é a utilização de venenos animais 
e o isolamento de seus peptídeos purificados como protótipos para projetar novos 
medicamentos (MAHADEVAPPA et al., 2017).  
Como demonstrado por LIAN et al (2018), em células de câncer hepático, o veneno da 
aranha Haplopelma hainanum suprimiu a proliferação celular, induziu apoptose e gerou 
mudanças morfológicas significativas, diminuindo o tamanho das células do respectivo tumor, 
além de reduzir a adesão celular. Esses resultados, bem como outros estudos utilizando venenos 
de aranha, escorpiões, dentre outras espécies animais, corroboram com nossos achados, 
apresentados no presente estudo, utilizando a espécie de aranha Phoneutria nigriventer (PnV).  
Foi demonstrado no presente trabalho que o PnV, de fato, possui moléculas 
biologicamente ativas capazes de atuar em diversas características do câncer, incluindo a 
invasividade tumoral (SANTOS et al., 2018); Entretanto, é necessário identificar as moléculas 
com tais efeitos, dentre aquelas que compõem o veneno (peptídeos diversos, enzimas, sais 
inorgânicos, lipídios, nucleotídeos, dentre outros) (RAPÔSO et al., 2017). Como demonstrado 
por CRUZ-HOFLING et al (2016), a administração sistêmica do PnV bruto causa alterações na 
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barreira hematoencefálica em modelos animais, além de uma série de alterações relacionadas 
aos astrócitos perivasculares. RAPÔSO et al (2014) evidenciaram que o PnV ativa diretamente 
os astrócitos de maneira dose dependente. O veneno também aumentou a expressão dos 
receptores de membrana Na+/K+-ATPase (envolvidos no desenvolvimento e progressão de 
muitos tumores), após 5 horas de incubação. Além disso, RAPÔSO et al (2017) mostraram que 
em linhagens de glioma humano (NG97) o PnV diminuiu a viabilidade celular. Esses trabalhos 
motivaram a sequência de estudos realizados pelo nosso grupo de pesquisa, com o objetivo de 
caracterizar os efeitos antitumorais do PnV, levando-se em conta sua seletividade em células 
astrocitárias e seu possível papel terapêutico em células de tumores cerebrais como os gliomas. 
O ciclo celular é controlado por numerosos mecanismos que garantem a correta divisão 
da célula. A desregulação do ciclo celular se reflete nas diversas alterações que levam à 
proliferação celular descontrolada nos tumores (VERMEULEN et al., 2003), outra importante 
característica dos cânceres relatada por HANAHAN & WEINBERG (2011). Verificamos que 
o PnV bruto diminuiu a proliferação e a viabilidade das células de glioma humano (NG97 e U-
251) e do adenocarcinoma do colo do útero (HeLa). Interessantemente, vimos que células não 
tumorais, como os fibroblastos (L929), não tiveram sua viabilidade reduzida pelo veneno. No 
entanto, após 24 horas, o PnV aumentou a proliferação das células de fibroblastos e do 
glioblastoma U-251, mostrando que o veneno pode conter moléculas específicas que possam 
agir na diminuição da proliferação, bem como moléculas que possam aumentar. Ademais, os 
dados encontrados mostraram que o PnV reduziu a viabilidade das células da linhagem U-251 
por morte celular enquanto que em células de NG97, reduziu a viabilidade principalmente por 
inibição do ciclo celular, induzindo necrose e apoptose nos estágios iniciais. Os mecanismos 
envolvidos na redução da proliferação, no envolvimento no ciclo celular e na indução de 
apoptose-necrose pelo PnV ainda estão sob investigação.  
Sabendo que o veneno bruto é constituído por uma mistura complexa de moléculas, 
nosso grupo de pesquisa testou frações purificadas do veneno, para identificar quais possuem 
efeito mais significativo na indução da proliferação celular dos gliomas. Com isso, verificamos 
que a fração denominada F1 (moléculas de baixo peso, < 3 KDa) diminuiu a proliferação de 
células tumorais, enquanto que a F3 estimulou; esse achado explica o fato de o veneno ter  
induzido proliferação de fibroblastos e da linhagem de glioblastoma U-251. Para o 
desenvolvimento de novas opções terapêuticas tendo como alvo o ciclo celular e a progressão 
tumoral, a molécula de PnV utilizada como protótipo será selecionada da fração F1, a qual de 
fato inibe a proliferação das células tumorais.  
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Sabe-se que a invasão tumoral e a metástase são os principais contribuintes para as 
mortes em pacientes com câncer. A elucidação da invasividade dos gliomas no tecido 
circundante e das vias de sinalização relacionadas com a regulação desse processo pode 
direcionar a pesquisa para a identificação de novos agentes direcionados a alvos específicos 
(LIU et al., 2018). A infiltração do tecido cerebral saudável pelas células de glioma é 
amplamente responsável pelo mau prognóstico e decurso da doença, além de, como 
mencionado anteriormente, dificultar ainda mais a obtenção de terapias curativas (ALFONSO 
et al., 2017). De acordo com as nossas análises, verificamos que o PnV bruto possui moléculas 
que inibiram a migração celular das três linhagens tumorais analisadas (NG97, U-251 e HeLa) 
(SANTOS et al., 2018). Conforme demonstrado por RAPÔSO et al (2014), o PnV induz 
alteração na morfologia astrocitária, com retração do corpo celular e desorganização do 
citoesqueleto da célula. Esse corrobora com a redução da migração e invasividade dos gliomas 
sob o efeito do PnV, demonstrando que possivelmente o veneno possui ação diretamente no 
citoesqueleto celular, base fundamental dos mecanismos migratórios.  
A partir dessa hipótese, demos seguimento às análises com toxinas purificadas do 
veneno, de forma a encontrar as moléculas que possuem ação na migração. A partir das análises 
com F1, F2 e F3 (moléculas de baixo, médio e alto peso, respectivamente), identificamos que 
a F1 apresentou os melhores resultados no que concerne à redução da migração celular. A F1 
foi, então, purificada e 12 subfrações dela foram obtidas, denominadas SB1-SB12. As 
subfrações SB1 e SB11 possuíram os melhores efeitos, induzindo atraso da migração celular na 
linhagem de glioma (NG97), causando profundas alterações na morfologia e retrações dos 
prolongamentos celulares. Como a dinâmica da migração envolve diversos passos que incluem 
o descolamento da massa tumoral primária do glioma com eventos que desestabilizam e 
desorganizam a adesão célula-célula (AFONSO et al, 2017), analisamos a adesividade das 
células sob ação de SB1 e SB11, verificando que essas toxinas também diminuíram a adesão 
celular, inferindo que o veneno influencia de fato na dinâmica do citoesqueleto durante os 
movimentos migratórios. 
De modo a entender melhor os mecanismos do PnV e suas subfrações, a via 
RhoA/ROCK e a bomba Na+/K+-ATP-ase, relacionadas à regulação da migração celular, 
também foram investigadas. Verificamos que as subfrações SB1 e SB11 aumentaram 
significativamente os níveis de ROCK, sugerindo que a sinalização de RhoA-ROCK é ativada 
por essas moléculas, conforme resultados evidenciados por western blotting. 
 Analisamos também o envolvimento da via RhoA-ROCK no mecanismo das 
subfrações através da inibição da ROCK pelo Y-27632. Verificamos que as células de 
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glioblastoma tratadas previamente com o inibidor, quando submetidas às toxinas SB1 e SB11, 
demonstraram capacidade de migrar, sugerindo que as moléculas têm a via como alvo e que 
esse mecanismo é fundamental para seu mecanismo de ação. Interessantemente, em análises de 
transwell, as subfrações SB1 e SB11, mesmo com a via inibida, reduziram a invasão das células 
tumorais. O método de transwell simula a invasividade transvascular das células neoplásicas; 
tem sido descrito que o mecanismo de diapedese envolve uma regulação diferente do 
mecanismo de migração através da MEC, o que pode explicar os resultados obtidos. A 
imunofluorescência revelou que, quando ROCK é inibida, o PnV e suas toxinas purificadas não 
induzem alteração na morfologia celular e nem reduzem a adesão dessas células, ao contrário 
das análises sem a inibição da via. Isso corrobora com a informação de que o PnV, SB1 e SB11 
agem através da via  RhoA/ROCK. 
A expressão alterada Na+/K+-ATPase e sua atividade têm sido relacionada ao 
desenvolvimento de vários tipos de cânceres (EINBOND et al., 2008; MIJATOVIC et al., 2007; 
PRASSAS et al., 2008). LI et al (2017), observou uma expressão aumentada da subunidade β3 
da Na+/K+-ATPase em células cancerígenas gástricas humanas, desempenhando um importante 
papel na tumorigênese dessas células. A função dessa proteína transmembrana consiste em 
manter a homeostase celular com a translocação de íons, manutenção do equilíbrio do pH e o 
volume celular, porém também tem papel na regulação e remodelação do citoesqueleto durante 
os movimentos migratórios (KAPLAN, 2005; SCHWAB, 2001). Verificamos que os níveis de 
Na+/K+-ATPase, especificamente a isoforma β2, também conhecida como molécula de adesão 
na glia (AMOG), estava aumentado nas células tratadas com SB1 e SB11. A perda de AMOG 
tem sido implicada na invasão e migração de glioma, enquanto as evidências sugerem que a 
expressão de AMOG em células de glioblastoma inibe sua invasão (SUN et al., 2013). A 
proteína Na+/K+-ATPase, portanto, parece estar envolvida no mecanismo do PnV e suas 
subfrações, regulando a migração de células de glioblastoma, e torna-se um importante foco de 













A primeira triagem in vitro dos efeitos antitumorais do PnV demostrou que o veneno é 
uma mistura de componentes que são seletivos para alvos envolvidos nos mecanismos 
migratórios das células de glioma, em especial do glioblastoma. A linhagem celular HeLa 
(tumor cervical) foi menos responsiva ao veneno, enquanto nas células das linhagens 
provenientes de glioblastoma, a ação do PnV foi mais efetiva, demonstrando que o mesmo 
possui certa seletividade pelas células do glioma.  
Uma vez que o PnV induziu uma resposta em células neoplásicas, o próximo passo foi 
identificar as moléculas purificadas responsáveis pelos efeitos do veneno. Doze toxinas foram 
testadas e SB1 e SB11 foram as mais efetivas em diminuir a migração e a invasão de células de 
glioblastoma, sendo provavelmente consequência da alteração da morfologia e adesão dessas 
células, provocada pelas toxinas. Ademais, SB1 e SB11 aumentaram a expressão da proteína 
ROCK e da bomba Na+/K+-ATPase (AMOG) nas células tumorais, sugerindo que esses 
mecanismos regulatórios estão envolvidos na ação das toxinas sobre a migração. A inibição da 
ROCK aboliu os efeitos das toxinas, confirmando que essa via medeia a ação dessas moléculas.  
Os medicamentos em uso e em desenvolvimento para terapia de glioblastomas são 
direcionados principalmente para alvos envolvidos na proliferação e no ciclo celular, porém 
negligenciam as vias regulatórias e mecanismos envolvidos na migração e invasão tumoral, 
importantes para o desenvolvimento de metástases. Os resultados do presente trabalho, 
portanto, demonstram que entidade moleculares presentes no PnV possuem grande potencial 
para serem utilizadas como protótipos para o desenvolvimento de novos fármacos para 
tratamento de glioblastoma, tendo como alvo a infiltração e invasividade desses tumores, o que 
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